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List of the main 


ACRONYMS AND ABBREVIATIONS 


(with the exception of chemical symbols, units of measurement and trademarks) 


ABS 


AC 

AD (or ad) 
ADI 

ADP 

AFI 
AFNOR 


AGMA 


APAVE 


atomic absorption 


alkylbenzene sulphonate 
and 

acrylonitrile butadiene 
styrene 


alternating current 
after settling (2 hours) 
acceptable daily intake 
adenosine diphosphate 
agrifood industry 


Association Francaise de 
Normalisation (French 
Standards Committee) 


American Gear Manu- 
facturers Association 


adenosine monophos- 
phate 

and 

aminotrimethylene phos- 
phonic acid 


assimilable organic carbon 


Association des Proprié- 
taires d’Appareils a 
Vapeur et Electriques 
(Association of electrical 
and steam unit owners) 








API 


AS 
ASPEC 


ASTM 


ATP 
AWWA 


BOD 


BSI 


BIX 
CaH 
CAM 


CEB 


American Petroleum 
Institute 


activated sludge 


Association pour la Pré- 
vention et l’Etude de la 
Contamination (Associ- 
ation for the control and 
study of contamination) 


American Standards 
Methods 


adenosine triphosphate 


American Water Works 
Association 


biochemical oxygen 
demand 


British Standards Insti- 
tute 


benzene, toluene, xylene 
calcium hardness 


computer-assisted main- 
tenance 


Compagnie des Eaux de 
la Banlieue de Paris 
(Paris area water com- 


pany) 


CEMAGREF 


Gh 
CIE 
CLSA 


COD 


COGEMA 


CONCAWE 


CPCU 


Cor 


CTM 


CTMP 


DAAP 


DAF 
DC 
DDT 


Centre d'Etudes du 
Machinisme Agricole, du 
Génie Rural et des Eaux 
et Foréts (French institute 
of agricultural and envi- 
ronmental engineering 
research) 


concentration factor 
continuous ion exchange 


closed loop stripping 
analysis 


chemical oxygen demand 


Compagnie Générale des 
Matieres Nucléaires (Nu- 
clear fuel company) 


Oil companies European 
organization for water 
and air environmental 
protection 


Compagnie Parisienne de 
Chauffage Urbain (Paris 
heating company) 


capillary suction time 


centralized technical 
management 


chemicothermomechani- 
cal pulp 


dimethyl-amino-4-anti- 
pyrine 


dissolved air flotation 
direct current 


dichlorodiphenyl _ trichlo- 
roethane 





DEA 
DF 
Dh 
DHW 
DNA 
DNB 
DNT 
DS 
DW 
EBCT 
EG 
ECD 
EDF 


EDR 


EDTA 


ERE 


Ex 


ES 
FA 
EI 
FID 
F/M 


diethanolamine 
decontamination factor 
hydraulic diameter 
domestic hot water 
deoxyribonucleic acid 
dinitrobenzene 
dinitrotoluene 

dry solids 

drinking water 

empty bed contact time 
European Community 
electron capture detector 


Electricité de France 
(French national electric- 
ity board) 


polarity reversal electro- 


dialysis 


ethylenediamine tetra- 
acetic acid 


European Economic 
Community 


redox potential (hydrogen 
electrode) 


effective size 
France-Assainissement 
fouling index 

flame ionization detector 


food/mass or food/ 
microorganisms ratio 


FTU 
GAC 
GC 
GCMS 


GCV 
GL 
GSE 
HC 
HCH 
HDPE 
HEDP 


HEITP 


HMP 
HP 
HPLC 


HR 
‘5 98) 


iG 


ICP 


I/O 
ISA 


formazine turbidity unit 
granular activated carbon 
gas chromatography 


gas chromatograph + 
mass spectrometer 


gross calorific value 
guide level 

gas scrubbing effluent 
hydrocarbons 
hexachlorohexane 

high density polyethylene 


hydroxyethane disphos- 
phonic acid 


height equivalent to one 
theoretical plate 


hexametaphosphate 
high pressure 


high pressure liquid chro- 
matography 


household refuse 


height equivalent to a 
transfer unit 


ion exchange chromatog- 
raphy 


inductive coupling 
plasma 


inputs/outputs 


Instrument Society of 
America 








ISO 


IW 

IWW 
JTU 

LAS 

LC 

LDPE 
LE-Dumez 


NSSCP 


International Standards 
Organization 


industrial water 
industrial wastewater 
Jackson turbidity unit 
lauryl alkyl sulphonate 
inductor 

low density polyethylene 


Lyonnaise des Eaux- 
Dumez 


low pressure 


maximum admissible 
concentration 


methyl orange alkalinity 
mixed bed 


medium frequency 
and 
microfiltration 


magnesium hardness 
mass spectrometer 
municipal wastewater 


National Council of the 
Paper Industry 


net calorific value 
nominal effective size 
nanofiltration 


nuclear magnetic reso- 
nance 


neutral sulphite semi- 
chemical pulp 


NTP 


NTU 


ppm 
PS 
RIFE 


PVC 
PYE 


number of theoretical 
plates 


nephelometric turbidity 
unit 
and 
number of transfer units 


organic matter 
oxygenation capacity 
active power 


powdered activated car- 
bon 


polycyclic aromatic 
hydrocarbons 


phenolphthalein alkalin- 
ity 

polychlorobiphenyl 
polychlorotriphenyl 
population equivalent 
hydrogen potential 
polyhydroxybutyrate 
diameter 


photoionization detector 
and 

process instrumentation 
diagram 

and 
proportional-plus-inte- 
gral-plus-derivative 
action 


part per million 
polystyrene 


polytetrafluoroethylene 


(Teflon) 
polyvinyl chloride 
polyvinyldene fluoride 





PWR 


SEG 


SEVESC 


SI 


SIA 


pressurized water reactor 
return activated sludge 


rotating biological con- 
tactor 


oxidation-reduction 
potential 


hydraulic radius 
ribonucleic acid 
reverse Osmosis 
raw water 


Société Anonyme de Ges- 
tion des Eaux de Paris 
(Paris water management 
company) 


sodium absorption ratio 
strong base anion resin 
stream current detector 
strong acid cation resin 


steam distillation extrac- 
tion 


substances extractible 
with chloroform 


Société des Eaux de Ver- 
sailles et Saint-Cloud 
(Versailles and Saint- 
Cloud water company) 


International System of 
Units 


Société des Ingénieurs et 
Architectes Suisses (Swiss 
architects and engineers 
association) 


SIAAP 


SIVOM 


oP 


SS 
SSA 
STU 


SVI 


TDS 
TH 
THM 


Syndicat Intercommunal 
pour |’Assainissement de 
l’Agglomeération Pari- 
sienne (City of Paris) 


Syndicat Intercommunal 
a Vocation Multiple (As- 
sociation of municipal- 
ities) 


salt passage 
and 
solubility product 


suspended solids 
salts of strong acids 


Service Technique de 
l’Urbanisme (Town plan- 
ning authorities) 


sludge volume index 
(Mohlman index) 


total dissolved solids 
titration for hardness 


trihalomethanes 





total Kjeldahl nitrogen 
thermomechanical pulp 
total nitrogen 

total organic carbon 
treated water 
uniformity coefficient 
ultrafiltration 
ultraviolet rays 
volt-amperes reactive 
volatile fatty acids 
volatile solids 

weak base anion resin 
water column 

weak acid cation resin 


World Health Organiza- 
tion 
wash watet 


and 
wastewater 
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PRELIMINARY TREATMENT SYSTEMS 


INTRODUCTION 


Before the treatment process itself, raw 
water must be pretreated. This procedure 
consists of a certain number of operations 
which are exclusively physical and me- 
chanical, aimed at removing as many ele- 
ments as possible which, because of their 
nature and size, could hinder future treat- 
ment procedures. 

Pretreatment operations are listed 
below (a treatment plant may include one 
or more of these operations, according to 
its size and the quality of the raw water): 
— screening, 
commiunution, 
grit removal, 

— presedimentation, 

— grease removal (frequently simulta- 
neous with grit removal), 

— oil removal, 

— straining, 

— removal and treatment of by-products. 


The terms screening and straining 
need to be defined, since they are both 
mechanical procedures. Screening uses 
bar screens. The width of the openings 
between the very long bars in the 
screen rack is usually greater than 
5 mm. Cleaning is done mechanically 
(raking). Strainers are slender struc- 
tures with round, virtually square or 
crossed-mesh openings which, in gen- 
eral, are under 3 mm in size. The 
strainers can be either fixed or rotating, 
and cleaning is done either mechani- 
cally or hydraulically. 


However, as a result of technological 
advances, straining operations may be 
carried out with very fine, custom made 
bar screens with slots less than 1 mm 
wide. These bar screens, like fine strain- 


ers, reduce the BOD; of MWW. 
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1. SCREENING 


. 


OPERATING 
CONDITIONS 


Screening is the first treatment station, 

both for surface and wastewater. Its pur- 
pose is to: 
— protect the structure downstream 
against large objects which could create 
obstructions in some of the facility’s units, 
— easily separate and remove large matter 
carried along by the raw water which 
might negatively affect the efficiency of 
later treatment procedures or make their 
implementation more difficult. 


The efficiency of the screening oper- 
ation depends on the spacing between 
screen bars: 

- fine screening, for a spacing of under 
10 mm, 

— medium screening, for a spacing of 10 
to 40 mm, 

— coarse screening, for a spacing of over 
40 mm. 


Usually, fine screening is preceded by a 
preliminary screening operation for pur- 
poses of protection. 


Screening is carried out by a manually 
cleaned bar screen (large in size, in order 
to reduce the frequency of screenings col- 
lection operations) or, preferably, by an 
automatically cleaned bar screen (essential 
in cases of high flow rates or for water 
with a high solids content). The auto- 
matic bar screen is usually protected by a 
sturdy preliminary bar screen which 
should also be provided with an auto- 
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matic cleaning system in large facilities, 
and in the case of raw water containing a 
high volume of coarse matter. 


To reduce manual operations as much 
as possible, screening procedures have 
become increasingly automated, even in 
small facilities. Automation is essential in 
situations where large amounts of plant 
matter (such as leaves during the autumn 
season) are carried by the water and arrive 
all at once at the bar screen, tending to 
mat the bars and completely clogging the 
screen in a few minutes. Fine screens 
must be automated. 


The collected refuse is stored in a con- 
tainer of a given capacity, calculated 
according to the acceptable frequency of 
refuse disposal operations. 


Usual spacings are: 
- for surface waters, between 20 and 
40 mm (upstream of strainer), 
- for municipal wastewater: for raw 
water, from 15 to 30 mm (but upstream 
from a straining and/or lamellae settling 
process, fine screening is necessary); for 
sludge (if necessary), 10 mm or less, 
— for some industrial effluents, especially 
agrifood effluents, fine bar screening (or 
at times, medium screening followed by 
straining). 


1.1.1. Hydraulic sizing - 
Clogging 

Under normal circumstances, the cross- 
ing velocity through the bar screen should 


be sufficient for matter to attach itself to 
the screen without producing an excessive 





loss of head or a complete clogging of the 
bars, or allowing matter to be carried by 
the flow; normally acceptable crossing 
velocities between bars average ey 
0.6 and 1.0 ms" and 1.2 to 1.4 ms"! at 
the maximum water flow. 


These velocities apply to the area of the 
clogged bar screen that is still clear. The 
degree of clogging (as a percentage of the 
clear wetted section) depends on the water 
quality and on the system used to recover 
waste from the bar screen. For automatic 
bar screens it can be anywhere between 
10% (surface water) and 30% (waste- 
water with a high solids content). For 
manually cleaned bar screens, the area of 
immersed bar screen must be larger, so as 
to avoid frequent cleanings. 


Approach velocities upstream of the 
bar screen are generally slow, especially in 
the case of fine bar screens with an open 
area of less than 50%; frequent sediment 
accumulation occurs upstream of the bar 
screen, which must either be prevented 
(by stirring) or disposed of, for instance, 
by daily self-cleaning. 


ae 
DIFFERENT TYPES 
OF BAR SCREENS 


1.2.1. General construction principles 


1.2.1.1. Manual bar screens 


To make raking easier, manually 
cleaned bar screens, made up of straight, 
round or rectangular bars, are, in general, 
at an angle of 60° to 80° to the horizontal. 
They can be travelling (on slides), or piv- 
oting, for downstream cleaning of covered 


I. Screening 





1.1.2. Automatic control and the 
protection of bar screens 


In general, the bar screen cleaning sys- 
tem works on an intermittent basis. It can 
be controlled in three ways: a) by a cyclic 
system of controllable frequencies (1 min 
to 1 h) and lengths of time (1 to 
15 min); b) by a differential head loss 
indicator; c) (even better) by a combina- 
tion of both systems. When the bar screen 
is located downstream from a pumping 
station, the control mechanism can be 
linked to the start-up of the pumps, with 
a built-in timer to keep the screen in op- 
eration for 1 to 30 minutes. 


Automatic bar screens must be 
equipped with torque limiters to prevent 
equipment damage in case of overloading 
or blocking. 


Normally, reciprocating cleaning bar 
screens, both curved and straight, include 
a device to ensure that the rake automat- 
ically stops moving at a point outside of 
the screen area, so as to avoid jamming 
upon restarting. 


channels. In wastewater lifting stations, 
liftable cage screens are used instead of 
bar screens, thus avoiding the problem of 
access; however, their handling and clean- 
ing are difficult. 


1.2.1.2. Upstream cleaning bar 


screens 


Automatically cleaned bar screens are 
usually cleaned from the upstream side, 
especially those described in this section. 

There are three main types of auto- 
matic bar screens, differing from one an- 
other only with regard to some technical 


Pal 
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details. On the screen rack, the bars’ 
cross-section is round or trapezoidal (thus 
lessening the risk of solid matter jam- 
ming), with sharp or rounded-off edges. 
Some of these bar screens allow for fine 
screening (and even straining) through 
the use of a custom made bar screen rack 
(of the Johnson type, where spacing 
ranges from a few millimetres to 0.5 mm) 
or a perforated steel sheet. Screenings dis- 
posal is carried out downstream of the 
screen. 
e Type I: curved bar screens 

This is the best bar screen for medium 
size facilities, where the water does not 
carry a high volume of matter and screen- 
ings are removed at a low elevation. Also, 
the effective cross-section of the opening is 
large and it is mechanically simple. Clean- 
ing is done with one or two rakes located 
at the end of the rotating arm which re- 
volves around the horizontal axis. 
e Type Il: straight bar screens with 
reciprocating cleaning mechanism 

In general, the bar screen surface (at an 
angle of around 80° to the horizontal) 
stops slightly above the maximum level of 
liquid; it is extended with an apron. A re- 


Figure 263. Back-cleaned screen installation. 


ciprocating device (rake, doctor blade, 
grab or swivelling ladle) brings up the 
screenings, first along the screen area and 
then along the apron; it then comes down 
away from the screen area. The screenings 
are removed from the elevated position by 
an extractor (which may be motor driv- 
en). 

When handling very large flows (sur- 
face water intakes), greater for instance 
than 30,000 m*.h", of water that does 
not have a large volume of matter, the 
operation can be carried out with a 
mobile screen which cleans only part of 
the bar screen, and moves laterally after 
each cycle. 


e Type III: continuous cleaning 
straight bar screens 

These are the best bar screens for fine 
screening when there is a risk of matting. 
Preliminary screening must be done first 
if there is a probability that the water is 
carrying coarse matter. Straight bar 
screens, at an angle of 80° to the horizon- 
tal, are cleaned by doctor blades, rakes or 
brushes driven by chains. In general, 
screenings are ejected by means of a 
motor-driven mechanism. 
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1.2.1.3. Back-cleaned bar screens 


Some bar screens include a downstream 
endless chain cleaning system. With this 
set-up there is a risk that some of the 
screenings will fall back into the water 
downstream; however, for water carrying 
a high volume of matter, it may be advis- 
able to have a back-cleaned preliminary 
screen with a high removal capacity (fig- 


ure 263). 


1.2.2. Curved bar screen (DC type) 
This type I bar screen (fig. 264) 


includes: 

- a curved bar screen rack in a quadrant, 
supported by a rigid frame, 

- a diametral rotating arm with two 
adjustable rakes, with a reduction gear, a 
torque limiter with a reaction arm, and a 





horizontal automatic stopping device, 
— a noiseless extractor equipped with 
dampeners. 


1.2.3. Fine curved bar screen (GFC 


type) 


The general design of this type I bar 
screen is the same as the DC bar screen, 
except that it includes a fine screen or a 
stainless steel perforated sheet for spacings 
of less than 10 mm. Instead of rakes, 
polyurethane scrapers or nylon bristle 
brushes are used. 


1.2.4. Straight bar screen (GDH 


type) 

This type II bar screen uses hydraulic 
jacks to ensure a simple kinematic oper- 
ation (figure 265). 


Ee 


Swabs 


Figure 264. Curved bar screen (DC type). 


















































Downstream 


Upstream 





1. Rigid frame with bar screen rack. 2. Moving 
frame. 3. Moving frame jack. 4. Rake carriage. 
5. Lifting jack. 6. Ejector. 7. Electrical cabinet. 
8. Latticed covers. 9. Hydraulic unit. 


Figure 265. General diagram of a GDH-type 
screen. 


1. Screening 


It specifically includes: 
— a vertical bar screen rack supported by 
a rigid frame (1), 
- a frame (2) that tilts upstream by 
means of a jack (3), thus allowing the 
cleaning rake to descend away from the 
bar screen surface, 
— a cleaning device made up by a rake 
carriage (4) which slides in the moving 
frame, driven by a jack (5), 
— an ejector (6) driven by a jack. 


1.2.5. Straight bar screen 
with cables (GDC type) 


The rake carriage of this type II bar 
screen is driven by two cables. With this 
device, facilities can reach great depths, 
since pneumatic jacks drive the rake away 
from the frame (and descent therefore 
occurs away from the bar screen surface); 
this ensures a greater operational safety. It 
includes (figure 266): 

- an inclined bar screen rake on a rigid 
frame (1), 

— a moving carriage (2), which slides on 
the guides of the rigid frame, 

— an ejector (3) driven by jacks. 


1.2.6. Fine straight bar screen 
(GED type) 


This type II bar screen comprises a 
monobloc lifting unit, placed on guides 
sealed to the channel walls. Cleaning of 
the bar screen rack is carried out by chain- 
driven brushes. It includes (figure 268): 
— an inclined stainless steel bar screen 
rack, mounted on a rigid monobloc 
frame, 

— nylon brushes mounted on two endless 
chains driven by a reduction gear, for 
scraping and lifting of screenings, 
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1. Rigid frame with bar screen rack. 2. Rake carriage. 3. Ejector. 4. Jack-shaft line. 5. Hydraulic unit. 


Figure 266. General diagram of a straight bar screen (GDC type). 





Figure 267. Straight bar screens (GDC type). 


1. Screening 


— an assembly for ejection and cleaning of 
lifting brushes, with a revolving brush roll 
driven by a chain. 





Figure 268. Fine bar screens (GFD type). 


1.2.7. Other bar screens 


e Inclined straight bar screen with 
rack and pinion system 

This type II bar screen is excellent for 
medium screening of water carrying a 
high volume of matter when the screen- 
ings do not require significant lifting. 
Because of its movable parts, its mechani- 
cal operation is simple and sturdy: all the 
movable parts are outside of the water, 
except for the reciprocating rake carried 
by two long hinged arms which, in turn, 
are held by a self-driven block which 
slides along the racks (figure 269). 


e Vertical grab bar screen 

This type II bar screen (figure 270) 1s 
excellent for heavy water flows carrying a 
high volume of matter, and when facil- 
ities reach great depths. The raising and 
lowering of the carriage which holds the 
grab (or ladle) is driven by two cables; the 


pivoting movement of the grab, hinged 
on the block, is driven by a third axial 
cable. Its construction and operation are 
simple, but its electrical drive (track limit 
switches, for instance) must be extremely 
reliable. 
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creens. 


Figure 269. Rack and pinion bar s 


a a) 





Figure 270. Vertical grab bar screens. 
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e Continuous moving screen 

This machine is used for fine screening 
of wastewater, after preliminary screening 
and grit removal. Its bar screen surface is 
made up of a group of custom made 
hinged rakes (made of plastic) inscribed 


Io 
COMMINUTION 


This treatment is applied mainly to 
MW 'W, in order to shred solid matter car- 
ried by the water so that it may later un- 
dergo further treatment. Its purpose is to 
eliminate the constraints and complica- 
tions brought about by the disposal and 
removal of coarse screening waste and to 
benefit from the increase in volume of the 
digestion gas produced. However, in prac- 
tical terms, comminution has some short- 
comings, particularly the risk of a large 
accumulation of comminuted textile 
fibres or plants mixed with grease (clog- 
ging pumps and pipes, and possibly pro- 
ducing a scum layer in anaerobic digest- 
ers), which would mean that relatively 
frequent cleaning would have to be car- 
ried out on rather delicate equipment. 


For the above mentioned reasons, com- 
minution is no longer used in France, 
except on raw water at the head of the 
plant. However, when treating sludge, it 
sometimes replaces fine screening in 
which case it is done through a pressure 
communutor, so as to obtain the desired 
degree of comminution fineness. 


Both gravity flow and pressure com- 
minutors are particularly well suited for 
treatment of MWW, due to the fact that 
they are capable of absorbing matter nor- 


in a cylinder, that mesh with one another, 
hinged on two lateral chains (which 
ensure rotation of the assembly). Through 
the relative movement of two successive 
rakes, matter picked up by the machine 
can be removed. 


mally carried by this kind of water (after 
preliminary coarse screening of 40 to 
80 mm, depending on the size of the 
machine), and reducing it into elements 
of a few millimetres average diameter. 


1.3.1. Gravity flow comminutors 
(raw water) 


These produce only a slight loss of 
head, and use little energy. The more tra- 
ditional comminutors include a vertical 
revolving drum, with horizontal slots. In 
the Infilco Degrémont Griductor (figure 
270 a), the drum is made up of round 
bars equipped with cutting teeth; there 
are fixed cutting rakes bolted on the 
frame. The machine is located within a 
flat-bottom, open, rectangular channel; 
the water goes through the drum horizon- 
tally, at which time the matter is shred- 
ded. Another model, installed in the same 
way, includes two revolving vertical 
drums, with meshing cutting teeth. 


1.3.2. Pressure comminutors (raw 
water and sludge) 


They are mounted between flanges and 
have to be extremely robust. They are 
equipped with a large electrical motor, in 
order to counter the possibility of clog- 





ging. In general, the comminutor system 
(which is in a closed casing) includes a 
rotating element with bars, cutting teeth 
and rakes, which does not make the water 
circulate; rather, water circulation is 
achieved through a pump placed in series 
in the conduit. 

Some of these comminutors operate 
differently: they include a sharp revolving 
propeller with pumping capabilities 
(working at low pressure), which drives 
flow circulation. 


1. Screening 


Table 73. General characteristics of 
comminutors. 


















Power of the 


electrical motor 
kW 







Type of 


comminutor 







Gravity flow 
comminutors 











5,000 to 8,000 0.25 to 4 


In-line 
comminutors 














50 to 300 7.5 to 20 





Figure 270 a. Infilco Degrémont Griductor. 
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2. GRIT REMOVAL 





Zale 


OPERATING 
CONDITIONS 


Grit removal operations remove gravel, 
sand and fine mineral particles from raw 
water, in order to prevent deposits in 
channels and pipes, to protect pumps and 
other machines against abrasion, and in 
order to avoid problems in later treatment 
stages. The normal size of particles treated 


by grit removal operations is equal to or 
greater than 200 [tm; smaller particles are 
removed by presedimentation or settling 
treatments. 


The theoretical principles of both grit 
removal and settling of discrete particles 
are closely related (see page 158). 


In practice, the following data can be 
used (valid in unhindered settling for grit 
particles with a specific gravity of 2.65). 


Table 74. Corrected settling velocity of grit particles. 





Stare 





Where: 

d : diameter of the grit particle, 

V.: settling velocity for a fluid with zero 
horizontal velocity, 

Ve: settling velocity for a fluid with hori- 
zontal velocity equal to VI, 

Ve: settling velocity for a fluid with hori- 
zontal velocity of 0.30 m.s”, 

VI: critical horizontal velocity to entrain 
the settled particle. 


When treating wastewater, the objec- 
tive is to extract as much inorganic matter 
as possible, and as little organic matter as 
possible (as this causes problems both 
during removal and storage of the 
extracted grit). This separation procedure 


2 
Z 
; 




















uses energy, which in turn lessens the effi- 
cacy of the settling procedure. So a com- 
promise has to be made between the re- 
moval capacity (limit particle size 
adopted) and the acceptable amount of 
organic matter in the grit. 


2.1.1. Grit removal in surface water 


The water intake must be designed to 
avoid sand carry-over. If local conditions 
are inadequate, a grit remover must be 
included unless arrangements have been 
made to remove grit at another structure. 
If the facility includes a presedimentation 
tank, those particles larger than 300 Um 
can be removed by a rough grit channel 
with hydraulic flushing. 


2. Grit removal 


If the facility includes a strainer (1 to 
2 mm-mesh, for instance), grit removal 
should be done upstream, so as to avoid 
any problems at the strainer itself. 

In general, the grit remover is a rectan- 
gular channel-type device. 

Its cross-section will depend on the de- 
sired horizontal flow velocity: this velocity 
should be greater than the critical velocity 
VI of the settled particles (table 74), if 
sand is to be disposed of hydraulically, 
and lower if disposal is to be done by a 
- bottom scraper. 

The horizontal surface is calculated 
dividing the maximum flow to be con- 
veyed, by the settling rate V. of the small- 
est particles to be retained, corrected 
according to the horizontal flow velocity 
selected. 

The grit can also be separated by 
cycloning (a hydrocyclone at the discharge 
end of the lift pumps). (See page 611.) 


2.1.2. Grit removal in municipal 
wastewater 


Since the nature of the medium is het- 
erogeneous, separation of grit and other 
matter contained in the water cannot be 
fully carried out: the extracted grit will 
still contain some organic matter that set- 
tled with it; this amount can be min- 
imised if a sweeping flow of about 
0.3 m.s"' is maintained at floor level. 

Separation can be improved by wash- 
ing the grit extracted from the grit 
remover (see page 630), whereby the con- 
tent of organic matter in the washed grit 
decreases to less than 30%. 

Because of the nature of the extracted 
product, very specific equipment (vortex 
pumps, air lifts) must be used, so as to 


reduce the chance of abrasion and clog- 
ging. 


In increasing order of size and effective- 
ness, the following are used: 
- single grit channel, where flow velocity 
varies according to the flow rate. This 
structure is rarely recommended, and only 
for small and simple facilities. The grit is 
extracted manually from a longitudinal 
gutter with a storage capacity of 4 to 5 
days; 
— a grit channel improved by the inclu- 
sion of an outlet weir obeying linear equa- 
tion (i.e., water depth proportional to 
flow rate). Flow velocity remains constant 
at 0.3 m.s”. Retention time is around 1.5 
to 2 min; 
— circular grit chamber, used for mechan- 
ical extraction of grit and hydraulic 
extraction of floating matter and scum 
(see page 608). Retention time is around 
2 to 3 min; 
— aerated rectangular grit chamber, used 
for mechanical extraction of grit and hy- 
draulic extraction of floating matter and 
scum (see page 608). Retention time is 
around 2 to 5 min. 


The last two above-mentioned devices 
are increasingly used in combination 
with grease removal (see page 615). 


2.1.3. Grit removal in industrial 
wastewater 


Grit removal is less necessary in IWW. 
Aerated grit chambers used for MWW 
can sometimes be used for IWW, espe- 
cially in agricultural and food industry 
effluents. 


When treating effluents of the metal- 
lurgical and mechanical industry, the pur- 
pose of grit removal is to separate the very 
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dense particles of iron oxide, of granulated 
slag and of oily scale with a bulk density 
of 2.5 to 4. These abrasive particles that 
settle quickly, are present in initial con- 
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CIRCULAR GRIT 
REMOVERS 


The diameter of these tapered cylindri- 
cal structures is 3 to 8 m, with a liquid 
depth of 3 to 5 m. 


Water enters tangentially either at the 
periphery of the structure or in a central 
cylindrical baffle; it is recovered through a 
submerged opening in the cylindrical wall. 


The grit is deposited on a slightly slop- 
ing floor, moves due to hydraulic forces, 
and falls into a central hopper for storage 
and recovery. The sweeping velocity of the 
floor is kept practically constant at a level 
greater than 0.3 m.s_ in three ways (char- 
acteristic of this type of structure): 


centrations ranging from 0.2 to several 
grammes per litre, and therefore should 
be recovered by special equipment in the 
grit remover. 


- rotation of the liquid mass through a 
vortex effect resulting from the tangential 
entrance of the water, 


— rotation of the liquid mass by a revolv- 
ing vertical shaft, blade type mechanical 
mixer, whereby a specific power of 10 to 
20 W.m” can be maintained regardless of 
the flow rate, thus allowing the level of 
liquid to remain practically constant 
throughout the operation, 


— gyration (in a vertical plane) of the lig- 
uid mass by blowing air into a submerged 
cylindrical baffle through special diffusers. 
With this machine, the operation can be 
carried out with a nearly constant level of 
liquid. 


The grit collected in the central hopper 
is extracted by a pump or an air lift, and 
dried by gravity or sent to a mechanical 
recovery system. 
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AERATED 
RECTANGULAR GRIT 
CHAMBERS 


The width of these structures can range 
from 4 m (single structure) to 8 m (dou- 
ble structure); the liquid depth is around 
4 m; the maximum length is around 
30 m. They can handle large flow rates. 


The shape of the floor depends on the sys- 
tem used to recover grit. 

Water is introduced at one end of the 
structure, and recovered at the other end 
through a submerged opening; often, it 
goes through a downstream weir designed 
to maintain a constant water level. 

All along this slow horizontal flow 
structure, there is an in-line air-injection 
system, equipped with special air diffusers 
such as Vibrairs, whereby a 15 to 
30 W.m™ specific aeration power is 





achieved. The liquid can be maintained at 
a nearly constant level. The blown air pro- 
duces cross-circulation velocity, promotes 
(through turbulence) the separation of the 
organic matter bound to the particles of 
grit, and partially removes floating mat- 
ter. 

Grit extraction is done automatically, 
as follows: 


2. Grit removal 


— by a group of air lifts operating in a 
pulsed fashion (recovery in the lower hop- 
pers), 

- by scraping (scraper bridge) towards a 
collection pit at one end (recovery by a 
fixed pump or air lift), 

— by suction pump or air lift set up on a 
movable bridge, discharging the diluted 
grit into a lateral disposal trough. 





Figure 271. Aerated rectangular grit chamber. 


2.4. 
“METALLURGY” GRIT 
REMOVERS 


Depending on the level of incoming 
water, two different grit removing tech- 
niques are used: 

e tangential separators (figure 272), 
frequently called “hydrocyclones”, which is 
incorrect since the centrifugal energy de- 
veloped is low. In the case of rolling mills, 
hot strip mills and continuous casting 
mills, separators are used when waste- 


water inlets can go down to levels of 
-10 m. These cylindroconical structures 
play a dual role: 

- they separate discrete particles through 
vertical settling, 

— they separate large amounts of incom- 
ing oil using a scum baffle. 

Recovery of these deposits is always 
carried out by a grab. 

These structures built by Degrémont, 
with diameters of 4 to 32 m, are located 
upstream of the settling tanks or filters. 
Accordingly they must be capable of 
removing particles upwards of 100 Um. 
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1. Water inlet. 3. Floor protection. 
2. Grab guide. 4, Recovery of treated water. 
Figure 272. “Metallurgy” tangential separator. 








1. Water inlet. 4. Peripheral sludge pit. 
2. Treated water outlet. 5. Sludge disposal screw. 
3. Scraper arm. 


Fig. 273. “Steelworks” classifier separator. 


2. Grit removal 


e “Classifier” separators: their only 
role is to remove discrete particles larger 
than 200 or 250 lim. They are located 
upstream of the clarifier thickeners, and 
protect the sludge pumps and dewatering 
equipment. 

Built by Degrémont in the range 
5-12 m diameter, these units are fed, in 


5: 
HYDROCYCLONES 


These machines separate particles 
through centrifugal hydraulic classifica- 
tion. They are made up of a cylindrocon- 
ical compartment in which, because of the 
tangential feed, water rotates before leav- 
ing through an axial overflow pipe (figure 
274). 


The concentrated sludge leaves through 
the cone bottom (underflow). Even in the 
smallest machines, the centrifugal acceler- 
ation can be greater than 600 g, and the 
feed pressure ranges from 0.5 to 2 bar. 
The separation factor dso generally 
expressed in lm, and improperly called 
removal capacity, corresponds to the par- 
ticle diameter for which there is a 50% 
separation. 


Its construction has the following char- 
acteristics: compartment diameter D, 
length L/diameter D ratio, diameter e of 
the inlet opening and diameter s of the 
outlet opening, and cone angle a. 


Different ratios have been considered 
in order to define a cyclone in terms of its 
size; according to Rietema, typically it 1s 
as follows (based exclusively on the geo- 
metric aspects): 


general, by overhead conduits, and they 
comprise a circular zone for rapid settling 
with a low water depth. A centrally driv- 
en diametral scraper arm discharges sedi- 
ments towards an outside pit, from where 
dry extraction is carried out through a 
screw or a reciprocating rake (figure 273). 


1. Inlet. 

2. Underflow (sand). 

3, Overflow (outlet). 
Figure 274. Hydrocyclone. 
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2 
Cys0 = tae =f = constant 


Where: 
: water density 
Ao: difference in densities between solid 
particles and water 
Ap: differential pressure in the machine 
TN) : dynamic viscosity 
q : output of the machine. 


The experimental differential pressure 
variation Ap is set as a function of the 
throughflow rate. There are two basic 
types of machines: 


e Monotubular hydrocyclones 
Their diameter ranges from 150 to 
800 mm for the treatment of 20 to 


250 m?.h" flows, with dso factors of 50 to 
80 Lm. 

They are protected from abrasion. They 
operate on concentrated sludge suspen- 
sions, or even on raw water that does not 
have a high volume of matter if the re- 
moval capacity can be increased. 


e Multitubular hydrocyclones 

For grit removal of larger flows with a 
low volume of matter, very small diame- 
ter cyclones can be used, set in parallel in 
one compartment, where a smaller dso 
factor (10 tm) can be reached. Their di- 
ameter is of several centimetres, and they 
are made in anti-abrasive plastic material. 
The head loss is between 1 and 2 bar. The 
feed water must first go through appro- 
priate straining. 


3. Presedimentation 


3, PRESEDIMENTATION 





Bc 1. 
FIELD 
OF APPLICATION 


Presedimentation, which precedes clar- 
ification, is a solid/liquid separation stage 
. of surface waters containing a very high 
amount of solid matter, carried out when 
the conventional one-stage settling proce- 
dure cannot be done. The purpose of this 
settling procedure is to remove most of 
the suspended solids in raw water, to dis- 
pose of them as concentrated sludge, and 
to provide the main settling stage with an 
acceptable water quality. The concentra- 
tion threshold of suspended solids after 
which presedimentation becomes neces- 
sary is a function of the type of main set- 
tling tank to be used: 


- 1.5 to 2 gl" for non-scraper type or 
sludge blanket settling tanks, 


- 5 gl” for scraper settling tanks. 


Be. 
APPLICATION 


In general, coagulant and/or flocculant 
reagents must be used to improve the 
quality of settled water and the hydraulic 
performance of presedimentation tanks. 

Without a chemical reagent, the 
rate used in the unit must be lower than 
the natural settling velocity of the 
effluent’s suspended solids which, in 
turn, depends on the nature and concen- 


If grit removal has been carried out, 
presedimentation is the next stage, and it 
includes two phases of solid/liquid sep- 
aration, 1.e., hindered settling, and sludge 
thickening, the relative magnitude of 
which depends on the content and nature 
of suspended solids in the raw water, and 
the treatment being considered. 

In general, the presedimentation stage 
is designed to clip occasional peaks of Sus- 
pended solids of up to about 30 gl”. 
Other than during these potential peak 
periods, the presedimentation tank can be 
bypassed. Above 30 gl, this same struc- 
ture can be used but at ioe flows; thus, 
the sludge disposal flow represents a con- 
siderable proportion of the incoming flow. 

In general, it is inadvisable to consider 
ptesedimentation | in water with an SS 
content > 50 g.I'; in that case, it is usu- 
ally better to isolate the unit so as not to 
damage the equipment. A raw water 
holding tank can be set up upstream of 
the unit. 


tration of these solids (about 0.5 to 
1 mh’). 


With an inorganic coagulant only, a 
fraction of the colloidal phase is removed. 
The settling velocity obtained with iron 
chloride (about 1.5 to 3 m.h”') is often 
greater than that obtained with alumini- 
um sulphate (about 1 to 2 m.h™); in addi- 
tion, aluminium salts produce large 
amounts of sludge. The treatment rate to 
be applied is one third of the rate necessary 
for optimal coagulation/flocculation. 
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These inorganic coagulants should only be 
used on water with SS definitely lower 
than 30 gt. 


With an organic flocculant only, 
settling velocity increases considerably; the 
colloidal fraction can be decreased if the 
polymer has been correctly selected. Of 
the three options, this is the best, because 
the floc produced is very compact, and the 
sludge very concentrated (more than 
100 gt’). For a treatment rate of 1 gm” 
of active product, applicable velocities can 
reach the following levels: 

- 3 to 5 mh" for raw water with 30 gl 
of SS; 
- 8 to 10 mh” for raw water with 


10 gI' of SS. 


In some cases, an inorganic coagulant 
and an organic flocculant can be used 
together. When only an organic coag- 
ulant is used, performance is usually 





lower than when only an organic floccu- 
lant is used. 

The need for, and the sizing of a 
presedimentation facility are often diffi- 
cult to determine. There are four basic 
factors that must be considered: 

— nature and concentration of particles 
(fine sand, silt, clay, colloids, etc.); 

— range and frequency of peaks, 

— need to maintain quality; 

— operational costs: reagents, labour. 

Presedimentation tanks are rectangular 
(suction bridges, chain scraper) or circular 
(diametral scraper). Their construction is 
similar to that of settling tanks (chapter 
10, subchapter 3). They should be pre- 
ceded by a flash mixer to add the re- 
agents, and sometimes even by a floccula- 
tor. Sludge removal by pumps is strongly 
recommended because of the concentra- 
tion and large quantities of sludge that 
must be removed. 


Fig. 275. Circular scraper settling canks for presedimentation. 


4. Grease and oil removal 





4. GREASE AND OIL REMOVAL 





4.1. 
PRODUCTS TO BE 
SEPARATED 


Grease and oil removal operations sep- 
arate products with a slightly lower specif- 
- 1¢ gravity than water, through a natural or 
aided (chapter 3, paragraph 4.1.1) flota- 
tion effect, in a compartment with a suffi- 
cient volume of liquid. 

Greases are solid products (as long as 
the temperature is sufficiently low), of 
animal (or vegetable) origin, present in 
MWW and in some IWW (from the 
agricultural and food industries) and, in 
low quantities, in storm water tanks, 
lagoons, ponds, etc. They are present ei- 
ther in the form of free particles or, more 
frequently, coalesced with different sus- 
pended solids (which must be dislodged 
so that flotation may occur). The sep- 
aration technique used permits the recov- 
ery, not only of the grease itself, but also 
of floating products such as various vege- 


4.2. 
GREASE SEPARATORS 


4.2.1. Operating conditions 


4.2.1.1. Grease removal in MWW be- 
fore sewage disposal 

This “at source” preliminary treatment 
is recommended, and sometimes com- 
pulsory, for many small-scale enterprises, 
restaurants, communities, etc. Standard- 
ised grease separators (or grease traps) 


table or animal waste (slaughterhouses), 
soap, foam (detergents), elastomers and 
plastics, etc. 

Grease removal is a liquid/solid sep- 
aration procedure whereby a compromise 
is reached between a maximum retention 
of grease and a minimum deposit of fer- 
mentable settled sludge. Its performance 
is difficult to estimate because of sam- 
pling and analysis difficulties. 

“Oils” is the name given to various liq- 
uid products such as vegetable oils, min- 
eral oils and light hydrocarbons. If they are 
present only as traces (in surface water, 
heating condensates of petroleum product 
reservoirs), their separation is carried out 
by adsorption and filtration. The term oil 
removal (or oil separation) is usually 
used only for the removal of oil present in 
appreciable quantities in IWW, especially 
the petroleum industry (normally absent 
in MWW, since it is illegal to dispose of it 
in the sewage system). 

Oil removal is a liquid/liquid sep- 
aration procedure. 


are manufactured in series for maximum 
flows of 20 to 30 ls, These devices are 
designed for a retention time of 3 to 
5 min and a rising velocity of about 
15 mh". 


If operated correctly they can retain up 
to about 80% of solidified grease, and 
store 40 | of lighter matter per I.s™ of inlet 
flow. Regular cleaning is essential. Water 
temperature must be less than 30°C at 
the outlet. These devices are designed so 
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as to avoid, as far as possible, the depos- 
it of heavy matter; but it might be 
advisable to include upstream a settling 
tank for coarser matter, easy to clean, 
and with a retention time of | to 3 min. 


4.2.1.2. Grease removal as _prelimi- 
nary treatment for a wastewater puri- 
fication plant 


A primary settling tank can separate 
grease that settles at the surface but, in 
general, it is unable to recover large 
amounts of grease. This situation could 
lead to operational difficulties. 

For household wastewater, grease sep- 
aration is essential if there is no primary 
settling; its effectiveness is maximised if 
carried out together with grit removal. 
Structure size should therefore be esti- 
mated accordingly (a retention time of 
around 15 min), and provisions should 
be made to separate the organic matter 
settled with the grit. 

In wastewater from the food and 
agricultural industry containing high 
amounts of grease to be retained (partic- 
ularly slaughterhouses and the meat in- 
dustry), it may be advisable to have a 
separate grease separator designed for a 
hydraulic loading of 10 to 20 m*.h per 
m of effective surface. It would protect 
the sewer system because it would be 
located before the discharge to sewer. 

These units are not designed to retain 
oils and hydrocarbons which, when nec- 
essary, are removed through primary set- 
tling. 


4.2.2. Circular grit/grease separator 


The diameter of this cylindroconical 
unit is 3 to 8 m, and its liquid depth 
(at othe scentre) misv3,-tows mole eis 





equipped with a submerged Turboflot 
mixer/aerator placed along the axis. 

The Turboflot mixer/aerator (figure 
276) includes a centrifugal pumping 
impeller, submerged under some 2 m of 






























































I. Submerged motor. 2. Centrifugal impeller. 
3. Air suction. 4. Air inlet. 5. Support. 

Figure 276. Diagram of the Turboflot mixer/ 
aerator. . 
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water, driven by a submerged electrical 
motor which releases a specific power of 
15 to 30 W per m? of liquid capacity. 
The impeller: 
— induces a revolving flow in the lower 
areas of the unit, 
— creates an area of concentrated turbu- 
lence which promotes the separation of 
grease and coalesced matter, 
— draws some atmospheric air through an 
open air pipe, and releases this air into the 
liquid in the form of very small dispersed 
bubbles. The air produces a slow revolv- 
ing movement of the liquid mass through 
an air-lift effect, which promotes the col- 
lection of grease and scum at the surface. 


Water is introduced tangentially into a 
central, submerged cylindrical baffle 
which surrounds the Turboflot; it is 
recovered through a submerged opening 
in the circular wall. 


The lower tapered zone of the unit 
becomes a hopper with an angle of 


approximately 45°. Settled grit slides on 
this slope towards the recovery point at 
the bottom of the unit; this movement 
is aided by a sweeping velocity greater 
than 0.15 m.s™ produced by the mixer. 


Once the grit that collects at the bot- 
tom of the hopper has been separated 
from the settled organic matter by 
direct mixing in the unit (air injection 
to the base of the air lift), it is drawn 
off by an air lift; the emulsion is dried 
by gravity or sent towards a mechanical 
recovery system. 


The grease floating on the surface is 
continuously recovered by a low-speed 
rotating scraper assembly, the scraped 
grease is pushed on an inclined surface 
to an above-water weir and falls into a 
collection trough. It is generally dis- 
posed of by gravity flow into a storage 


skip. 





Figure 277. Circular grit/grease separator. 
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4.2.3. Rectangular grit/grease sep- 
arator 


Units with a width of 4 m (single unit) 
to 8 m (double unit) have a liquid depth 
of about 4 m and a maximum length of 
about 30 m. They are able to treat large 
flows (figures 278 and 279). 


The unit’s cross section has a shape 
that works well with sweeping crossflows, 
with slopes that promote grit collection on 
the bottom of the unit. Water is intro- 
duced at the head of the unit, and recov- 
ered at the other end through a wide sub- 
merged opening in the wall, passing 
through a downstream weir to maintain 
the water level constant. 


The unit, with a slow horizontal flow, 
is generally equipped with two interre- 
lated mixing and aeration systems which 
create transverse spiral flows independent 
of the flow of water. This permits signif- 
icant variations in the velocity of horizon- 


Figure 278. Rectangular grit/grease separators. 


tal flow which can be slow without caus- 
ing any problem: 

- a possible preliminary grit removal 
zone at the inlet (which can be up to 1/3 
of the unit’s length), includes an in-line 
air-injection system equipped with cus- 
tom made air diffusers such as Vibrairs, 
which deliver a Specific aeration power of 
20 to 30 W.m”. The blown air maintains 
a transversal circulation velocity, promotes 
(through turbulence) separation of the or- 
ganic matter coalesced to the grit, and 
prevents the massive accumulation of 
large grit particles at the head of the unit, 
- the rest of the unit is used for grease 
separation and fine grit removal; it 
includes a series of in-line Turboflots, 
which produce a slower spiral flux and 
allow grease to float. 


Grit is automatically extracted by a re- 
ciprocating travelling bridge with a pro- 
grammed sequence: 





4. Grease and oil removal 


— either by scraping towards an end col- 
lection pit, followed by discharge by 
means of a pump or a fixed air lift, 


— or by suction pump or air lift mounted 
on the travelling bridge, discharging the 
suspended grit into a side disposal trough. 


The grease floating on the surface is 
scraped towards the end of the unit by a 
travelling bridge, and is removed accord- 

ing to a programmed sequence: 


- either by pushing it onto an inclined 
surface and over a non-submerged weir: 
“dry” option - immediate recovery in a 
pit or skip, 


— or by weir penstock (motor-driven and 
programmed): “wet” option — hydraulic 
conveying to an additional separation unit 
(see paragraph 6.3). 


4.2.4. Rectangular grease separator 
with aerator/mixers at the head of 
the unit 


For water containing small amounts of 
large grit particles, it may be advisable to 
use a variant of the unit described above, 
with only one or two aerator/mixers (fig- 
ure 280); these devices can be of the Vor- 
timix D type, which includes a sub- 
merged propeller on a vertical shaft, under 
which a controlled pressurised air flow is 
injected through an appropriate diffuser. 
This kind of aerator/mixer, to be used in 
large units, plays the same role as the 
Turboflot, with the possibility of includ- 
ing separately the mixing and aeration 
functions. 








9 DON AW KwWH 


. Bridge, foot-bridge, scraper assembly. 
. Grit recovery by air lift. 


Turboflot mechanical aerators. 


. Scum baffle. 

. Assembly for recovery of treated water. 
. Grit and grease extraction. 

. Grease recovery assembly. 

. Screened water inlet. 

. Grit collection trough. 

. Treated water outlet. 

. Grease and grit outlet. 

. Overflow outlet. 


ibe 


Suspended scraper. 


Figure 279. Diagram of a rectangular grit/grease 
separator, with in-line Turboflots. 
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1. Screened water inlet. 
2. Pressurised air-feed. 
3. Vortimix. 


4. Suction and skimming bridge. 


. Grease recovery. 


5 
6. Treated water outlet. 


Figure 280. Diagram of a grease separator with Vortimix at its head. 


4.3. 
OIL SEPARATORS 


4,3.1. Operating conditions 


Two types of industrial effluents are 
involved: 
— regular amount of oil (petroleum pro- 
duction and refining, edible oil mills, cold 
rolling mills, airports), 
— small amount of oil, but with high 
accidental flow peaks (storm water from 
refineries, storage heating condensates, oil- 
fired power plants, hot rolling mills). 


Oils and hydrocarbons are present: 
— either in a free state, 
— or as fine but unstable mechanical 
emulsions, more or less adsorbed on sus- 
pended solids, 


— or (less frequently) as chemical emul- 
sions (such as aqueous cutting fluids). 


Oil separation by gravity is applicable 
only in the first two, and is a function of: 
- specific gravity of oil which, in general, 
ranges from 0.7 to 0.95, but can be great- 
er than 1 in some heavy hydrocarbons, 

— temperature, the rise of which always 
promotes separation, 


— the dynamic viscosity of the oil, which 
can range from several hundredths of a 
Pa.s to more than 0.2, a limiting value for 
the use of certain processes, 


— the congealing point. 


Oil separation in these effluents 
includes one or two stages: 


— preliminary oil separation, or the re- 
moval of floating hydrocarbons, which 
can be combined with grit removal, 


4, Grease and oil removal 


- oil separation which, depending on 
the objective, almost completely 


removes the dispersed hydrocarbons 


(table 74). 


Table 74. Preliminary separators and separators. 


Preliminary 


Feed 
separators 


Under pressure Closed separators 


. API type 
. parallel plates 


. circular 





4.3.2. Gravity preliminary oil sep- 
arators 


The performance of preliminary sep- 
aration units, which are generally oper- 
ated without the use of a reagent, cannot 
be quantified: 

— the hydrocarbon specific gravity and 
size distribution of droplets in water are 
usually unknown, 

— the nature of the emulsion is poorly 
defined, 

— it is practically impossible to do up- 
stream sampling. 


These devices eliminate very large and 
irregular peaks of oil, as well as larger 
droplets. There are three types: 


e longitudinal separators (API): op- 
erate according to American Petroleum 
Institute standards (separation of droplets 
greater than 150 [1m in diameter); their 
width ranges from 1.8 to 6 m, their water 
depth from 0.6 to 2.4 m. 


These separators are difficult to cover 
(for smell reduction purposes), and sludge 
removal from the bottom is impractical; 


e lamellae separators: through the use 
of lamellae settling procedures with plastic 
plates spaced at about 4 cm (figure 281), 


Medium separators 
(40-50 mg.l' HC) 





Polishing separators 
(5-20 mg.l"') 


Coalescer filters 
Granular media filters 


Dissolved air flotation 
units 


Mechanical flotation 
units 


retention time has decreased from several 
hours to less than 60 min and even 30 
min. These devices require some mainte- 
nance; also, it is advisable to use them for 
relatively warm water (solidification 
should be avoided) with small amounts of 
suspended solids (bottom scraping is 
expensive). 

Since their construction is of a modular 
type, treatment of heavy flows requires a 
large number of modules (each one able 
to treat 15 to 30 m’.h’), with distribu- 
tion units that are both difficult to cover 
and to skim; 





Figure 281. Lamellae oil separator modules. 
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e circular separators: separation is car- _ prevents outgassing of light, volatile prod- 
ried out in two successive chambers (fig- ucts; the second includes a bottom scraper 
ure 282): the first is a covered one, which as well as a surface skimmer. 








1. Raw water inlet. 5. Surface skimmer. 

2. Sludge outlet. 6. Bottom scraper. 

3. Treated water outlet. 7. Recovery of light oil, protected from the at- 
4. Heavy oil outlet. mosphere. 


Figure 282. Diagram of a circular oil separator. 





4.4, 

RECOVERY OF OIL 

AND FLOATING MATTER 
IN BASINS OR LAGOONS 


The collection of oil layers (and/or 
floating matter) found at the surface of 
still water can be done with devices called 
oil recovery units, which do not carry out 
any purifying action on the underlying 
water. There are four types: 

e Adjustable direction troughs and 
weirs 

Fixed (or floating for variable water 
levels), they require an additional device 
to approach the oil layer and carry away a 
large quantity of water. Figure 283. Radeg. 





4, Grease and oil removal —____ SSCS 


e Drum or belt oil collectors 

Their main advantage is that they can 
recover oil with very little water and, 
especially in the case of belt collectors, 
they can tolerate a large variation in water 
level. For large surfaces, they also need an 
oil-layer skimmer. 


e Fixed mechanical oil recovery 
units 

The oil layer is conveyed over a great 
distance towards the collection zone, by 
water currents created by a moving pump 
~ set. 


e Movable oil recovery units 

With these floating devices (self-pro- 
pelled or towed), large water surfaces 
(storm water tanks or lagoons) can be 
maintained. They take up a large flow 
of water, which is then cycloned or clar- 


ified. 


With Radeg (figure 283), there is a 
recovery of not only oil and grease but 
also, through its grinder, of papers, rags 
and other floating matter which are fre- 
quently found on water surfaces. 
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5. STRAINING 


Dabs 
STRAINING 
OF WASTEWATER 


In addition to mechanical bar screens 
with narrow slots spaced at 3 or 6 mm, 
necessary for some municipal wastewater 
treatment schemes, it may be useful to 
have strainers with smaller openings. That 
is the case for some AFI wastewater in 
which, together with straining, a signif- 
icant portion of suspended polluting mat- 
ter can be removed and, possibly, recycled. 

The strainers’ operating equipment is 





1 - Raw water inlet. 

2 - Distributor flap. 

3 — Strainer screen. 

4 - Screenings. 

5 - Observation window. 
6 - Strained water outlet. 


Figure 284. Diagram of a concave strainer (assisted 
self-cleaning). 


made up of perforated sheet plates or, 
more often, Johnson-type bar screen ele- 
ments. Spacing ranges from 0.5 mm (or 
even 0.25 mm) to 2 mm. There are: 

e concave vertical bar screens (figure 284) 
with assisted self-cleaning, and a capacity 
limited to 100-200 m*.h™. Since the raw 
water is distributed in the form of a vertical 
water curtain, the retained particles are car- 
ried hydraulically towards a lower container, 
e rotating drums with a maximum capac- 
ity of 1500 m*.h!: 

— in some devices, most of the matter 
retained outside of the drum is removed 
by scraping, whereas the remaining mat- 





1 - Raw water inlet. 

2 - Feed box. 

3 — Strainer, 

4 - Screenings. 

5 - Doctor blade. 

6 - Strained water outlet. 


Figure 285. Diagram of a rotating strainer with 
external feed and mechanical cleaning. 


5. Straining 


ter is carried by the strained water which 
crosses the strainer in the opposite direc- 
tion (figure 285), 

— in other devices (figure 286), matter 


retained inside the drum is removed 
because of its slope, and cleaning is car- 
ried out through water spraying (also in 
the opposite direction). 
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1 -— Raw water inlet. 
2 - Distribution trough. 
3 - Cylindrical strainer. 


4 - Screenings. 
5 — Screenings guides. 
6 - Strained water outlet. 


Figure 286. Diagram of a rotating strainer with internal feed and sprayer cleaning (Contrashear). 


D2: 


STRAINERS FOR 
SURFACE WATER 


5.2.1. Macrostraining 


The filtering elements are made up of 
perforated sheets or, more often, of cross- 
mesh stainless steel or synthetic fabric 
sheets with 0.15 to 2 mm openings. 

Strainers come in the form of 1.5 to 
6 m diameter drums, or 1 to 3 m wide 
bands; their 3 to 15 m height is well 
suited to rivers with a variable water level 
(figure 287). 


Depending on the direction in which 
the water circulates, the sprinkler washing 
system is located over or inside the filter. 
Dirty wash water is removed through a 
trough. 

In both cases, by using dihedral or 
semi-cylindrical shaped panels, the specif- 
ic filtration surface increases (chapter 3, 
figures 59 and 60). The maximum capac- 
ity, of these devices is several thousand 
fine late 


5.2.2. Mictostraining 


The mesh size of the synthetic fabric 
filtering sheets ranges from 30-40 to 


625 


626 


Chap. 9: Preliminary treatment systems 


150 tm. They are mounted on drums. sand and silt. Joint watertightness is 
The washing equipment must be capable _ essential. These devices have a limited 
of intense spraying of the fabric because capacity (figure 289). 

of the increased clogging risk due to fine 


Maximum level 
of raw water 





Minimum level 
of raw water 











Figure 288. Rotating microstrainers. 


5. Straining 


























1 - Raw water inlet. 4 - Wash water outlet trough. 627 
2 - Strainer. 5 - Strained water outlet. 
3 - Wash water. 6 - Safety valve. 


Figure 289. Drum mucrostrainer (Geiger). 
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abs: 
MECHANICAL 
FILTRATION 
OR PRESSURE 
STRAINING 


These filters (see page 182) comprise a 
semi-continuous washing system which 
ensures sludge removal by applying atmo- 
spheric pressure, in countercurrent, on a 
sector of the filter. Washing pressure 
must be consistent with the mechanical 
strength of the fabric. 


So as to avoid irreversible clogging and 
excessive use of wash water, the fineness 
of the pressure straining system should 


er 


14 


Rotating filter cage 





1 — Raw water inlet. 
2 — Strainer. 


Figure 290. Types of mechanical pressure filtration. 


Fixed filter cage 


usually be limited, for all practical pur- 
poses, to: 

— 100-150 um, for water with a large 
volume of organic matter and vegetable 
debris, 

— 40-50 Um, for water containing only 
hard inorganic matter. 


Fibres are especially troublesome, 
since they tend to stick to the fabric. 
There are three basic types of design 
(figure 290). Unit flow of these devices 
decreases with straining fineness. Above 
250 fm, it can reach a level of 5,000 
m’.h'; and in microstraining, up to 500 
m’.h!. Wash water consumption, under 
the same conditions, ranges between 2 
and 8%. 


| 
| 
| 
| 
2 
l 
| 
| 


Arm j 3 


Layer of fixed filter tubes 


3 - Sludge. 
4 — Strained water outlet. 


6. Disposal and treatment of by-products 


6. DISPOSAL AND TREATMENT 


OF BY-PRODUCTS 


6.1. 
SCREENINGS 


This type of matter (see page 76) is 
often landfilled or buried. It can also be 
incinerated in a screenings furnace or in a 
household refuse furnace. Combustion 
temperature should be greater than 800°C 
to avoid smells. 

Screenings inside the works are handled 
as follows: 
— either manually (in small facilities): a 
tray (perforated or non-perforated), roll- 
ing skip, movable skip, 
— or mechanically: conveyor belt, contin- 
uous or reciprocating conveyor with 
-squeegees, 


— or hydraulically: trough fed by pumped 
water. 


Because of transportation and envi- 
ronmental constraints, drying or compact- 
ing treatments have been given increased 
consideration, 1.e.: 

- drying (and transportation) by a mov- 
able, Sita-type, integrated compactor skip 
(figure 291): the water content is reduced 
by 75 to 80%, and the bulk density of the 
compacted matter in the skip is 0.75 to 
0.8, 

— compacting through a mechanical or 
hydraulic custom made press (figure 
292): the compacted product may have a 
water content of 55 to 65%, and a bulk 
density of 0.6 to 0.65. 





Figure 291. Sita integrated compactor skip. 
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Figure 292. Screenings press. 


6.2; 
GRIT 


Grit (see page 76) extracted by a shov- 
el from small grit channels cannot be re- 
used, and must be buried or landfilled 
together with screenings. 


For medium-size facilities, grit hydrau- 

lically extracted from grit removers can be 
separated from its water by: 
- settling in a shallow tank: water is re- 
moved through filtering slabs or over a weir, 
— mechanical recovery (Archimedean 
screw, or reciprocating rake classifier) and 
storage in a fixed hopper or skip, 





- hydrocycloning and storage in a hopper 
with an overflow weir, 

- hydrocycloning and recovery by Archi- 
medean screw before storage in a fixed 
hopper or movable skip. 


Washing by make-up water on the 
Archimedean screw can also be consid- 
ered. In large facilities, grit is sometimes 
washed before hopper storage, in a basin 
equipped with an efficient air mixing 
system which receives the water/grit mix 
pumped from the grit chambers. 


A washed grit that is quite clean can 
be reused on-site (setting up drying 


beds). 








6. Disposal and treatment of by-products 





Figure 293. Grit washer. 
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p.3. 
GREASE AND SCUM 


In general, grease and scum collected at 
the surface of grit removers, grease sep- 
arators and primary settling tanks, cannot 
be reused. One possibility is to send this 
kind of waste to anaerobic digestion (after 
having been fine screened during its hy- 
draulic transfer): this arrangement usually 
increases gas production, but at the risk of 
producing a scum layer. 

It is preferable to store it in a skip, 
which could be equipped with an over- 
flow outlet scum baffle, and then remove 
it periodically for burial or landfill. It can 
also be incinerated with sludge or screened 


matter, if the furnace and handling condi- 
tions allow it. Figure 294. Grease collection. 
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In large facilities, grease and scum 
from different units are sometimes hy- 
draulically transported towards a_ static 
flotation unit, which is equipped with a 
mechanical blade skimmer for dry recov- 
ery of grease, which is then stored in a 


skip or pit. After supplementary screen- 
ing and, possibly, reheating to liquefy 
them, the products are pumped at a con- 
stant rate into an incinerator or sludge 
treatment furnace. 








FLOCCULATION - SETTLING 
FLOTATION 


1. ADDITION OF REAGENTS 


The effectiveness of the flocculation 
process is directly affected by the efficiency 
of prior coagulation. To ensure the latter, 
the reagent must be dispersed virtually 
instantaneously in a coagulation chamber, 


Bl. 


IMPELLER TYPE FLASH 
MIXERS 


These cylindrical (steel) or rectangular 
(concrete) tanks are fitted with a high speed 
impeller type mixer (Figure 295). Depend- 
ing on their design, retention time varies 
from 1 up to 3 minutes, for the largest. 
The velocity gradient is between 250 and 
1,000 s* depending upon the application. 

The reagent is fed into the zone of highest 
turbulence, i.e., above or below the 
impeller, depending on the flow direction 
(upward or downward). 

For some applications in which the veloc- 
ity gradient must be adjustable according to 
the temperature or a varying pollution load, 
the impeller mixer is fitted with a variable 
speed drive. 


a flash-mix reactor characterized by high 
power input and a high velocity gradient 
(see page 135). Depending on the tech- 
nology, the liquid’s retention time varies 
from a few seconds to a few minutes. 





1 - Watcer inlet. 
2 - Water outlet. 


3 - Reagent. 
4 — Drain. 


Figure 295. Mixing chamber with a flash mixer. 
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Ihe 
STATIC MIXERS 


Static mixers are placed directly in the 
treatment line upstream from the floccu- 
lation phase. 

These units feature high velocity gra- 
dients (2,000 to 30,000 s”), and brief 
retention times (generally less than one 
second). The power dissipated is directly 
linked to their head loss, and the quality 
of the mixing is a function of their design. 
Unit efficiency decreases with the flow 
rate to be treated. 


1.2.1. The Radialmix 


This static mixer features hydraulic ra- 
dial diffusion. It comprises a nozzle 
located on the pipe’s centre line and a dia- 
phragm with a peripheral opening. Stand- 
ard models are available for pipe diame- 
ters from 100 to 400 mm. The head loss 
ranges from 0.2 to 5 m of WC depending 
on the model and the application. 


e Radialmix type 1 
(Figure 296 a) 

This mixer is best suited for inorganic 
reagents and polymers injected at a flow 
rate qi that is lower than the flow rate Q 
of the liquid to be treated. 

It is designed to allow injection of con- 
centrated solutions. 

0.0005% < qi < 1% of Q 

The reagent is pre-diluted in the short 
dosing line. 


e Radialmix type 2 

The flow rate qi of liquid to be injected 
is higher than for the previous unit (qi > 
0.5% of Q). The head loss exceeds 0.2 m 
of WC, and is adjusted according to the 
application. There are three models of 
type 2 Radialmix. 





Orifice plate 


Reagent 


addition Nozzle with propeller 


Mixing | Radial 
| diffusion 


Figure 296 a. Type 1 Radialmix. 


e Radialmix 2 M 

Primarily intended for feeding reagents 
into liquids with a high solids content. 
The unit is housed in a sleeve and has 2 
nozzle without an impeller. 





Figure 296 b, Radialmix 2 M. 


1. Addition of reagents 





_ e Radialmix 2 MH e Radialmix 2 C 

Similar to the Radialmix 2 M, but This compact model is housed in an 
_ with a nozzle and impeller. This mixer is orifice plate and is fitted with a nozzle 
not suitable for fluids containing coarse or and impeller. It is especially suited for 
_ fibrous particles. addition of clear reagents or liquids. 
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Figure 296 c. Radialmix 2 MH. Figure 296 d. Radialmix 2 C. 


1.2.2. The MSC sludge and reagent inlets, contiguous with a 
This cyclone-type mixer is suited for sludge conical section in which the spiral motion 

conditioning applications (Figure 297). It ensures complete mixing. The cylindrical 

consists of a cylindrical section equipped with section also has two adjustable deflectors. 


Polymer injection 


Adjustable deflector 


Sludge inlet 





Figure 297. MSC mixer. 
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1.3 The unit, of plastic or protected steel 
a construction, may be fitted with a pH and 
TURBACTOR tH control system, making it suitable for 


neutralization or detoxication applications 

The Turbactor (Figure 298) is a closed as well as coagulation. For these applica- 
flash-mix reactor having no moving parts. tions, the minimum retention time is two 
It is designed to operate under pressure minutes, and the velocity gradient is 


and consists of two sections: about 600 s” for a liquid viscosity of 1 
— a vigorous hydraulic mixing zone, centipoise. 

— a contact zone which eliminates short 

circuits. 








1 — Raw water inlet. - 2- Treated effluent outlet. - 
3 - Reagent feed. - 4 - Chamber for pH and rH 
probe for reagent flow control.- 5 — Recycle for rH, 
pH measurements. - 6 — Air blowdown. 





Figure 298. Turbactor diagram. Figure 299. Turbactor. 


2. Flocculators 


B. FLOCCULATORS 








Flocculation is carried out in tanks 
known as flocculators, equipped with 
mixers. The mixing system, reactor vol- 
ume and energy dissipation differ accord- 
ing to the specific application or fluid 
“involved. 


A flocculator is characterized by its 
velocity gradient, its contact time, and the 
extreme local velocities of the moving ele- 
ment and liquid, which shear the floc. For 
example, for a metallic hydroxide floc, the 
peripheral velocities of the moving ele- 
ment must not exceed 40 cm.s™. 


Geometry of the tank, mixing system 
and related equipment is defined such 
that: 

— dead zones are avoided (areas of depos- 
its on the bottom, for example), 
- dissipated energy is recovered as turbu- 


lence (by means of peripheral deflectors in 
circular tanks, for example), 

— short circuits between the liquid inlet 
and outlet are prevented. 


Finally, it is important not to rupture 
the floc as it is transferred from the floc- 
culator to the settling zone. Depending on 
the quality of the water treated, the fol- 
lowing transfer velocities are used for sur- 
face water clarification: 

- fragile metallic hydroxide floc 
v= 0.20 mis, 

— strong metallic hydroxide floc 
v < 0.50 ms” 


Flocculators may be classified in two 
categories: 
— flocculators with a mobile mixer unit 
(mechanical flocculators), 
— off-set baffle or static flocculators. 





Z,1. 
MECHANICAL 
FLOCCULATORS 


2.1.1. Paddle type flocculators 


The rotating unit consists of a series of 
paddles mounted on a vertical or horizon- 
tal shaft in regularly-spaced diametrical 
planes (Figure 300). The system is driven 
by a reduction gear mechanism that may 
or may not include a variable-speed drive. 


The rotating unit may be driven either by 
a chain or directly. Direct drive eliminates 
risks of corrosion and the constraints of 
chain maintenance. 


2.1.2. Propeller type flocculators 


The rotating unit consists of a vertical 
shaft propeller with three or four blades, 
and is driven directly by a reduction gear 
system, most often equipped with a var- 
iable-speed drive (Figure 301). 
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2.1.3. Practical application — adjustment of the velocity gradient as a 
function of time, 


To produce better-quality floc, two 
flocculators can be used in series for a giv- 
en flocculation time (Figure 302). This —- depth limitation in tanks handling 
configuration allows: large flows. 


- delayed or partial reagent feed, 
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Figure 302. Moulle facility (Northern France) for LE-Dumez. Surface water clarification by flotation. Bat- 
tery of four dual-cell flocculators: Flow: 4 x 300 mh". 


ee — 2 fs Plocculatocs 


2.2. 
STATIC 
FLOCCULATORS 


Much less widely used than those dis- 
cussed above, these units are designed so 





that the flow of the liquid to be treated 
experiences sudden directional changes. 
The resulting head losses provide the en- 
ergy required for flocculation. This system 
is used only in more rudimentary facil- 
ities. 
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3, SETTLING TANKS 


Separation by settling can take place 
intermittently or continuously. Inter- 
mittent processes, or batch settling, are 
used only in small makeshift facilities 
or in biological facilities with sequenced 
tank operation, in which the aeration 
and settling phases occur in the same 
unit (Sequenced Batch Reactor). Gener- 
ally, however, settling is a continuous 
process. 


In a settling tank: 
- the flow must be even; with good raw 
water distribution and uniform recovery 
of the settled water, 
- the flow must be as non-turbulent as 


ore 
STATIC SETTLING TANKS 


The term “static” when applied to set- 
tling tanks has come to refer to those involv- 
ing neither sludge recirculation nor sludge 
blankets, despite the fact that settling in 
these units is actually a dynamic process. 

Depending on the quantity and type of 
SS in the raw water, the volume of precip- 
itates to be drained and the slope of the 
tank floor, the settler may or may not be 
fitted with a sludge-scraper system. 


3.1.1, Plain settling tanks 


3.1.1.1. Static settling tanks without 
scraping 
e Ordinary cylindroconical settling 
tanks 

These upward flow settling tanks are 
used for facilities that handle small flows, 


possible, energy dissipation at the water 
inlet must be gradual, 
- flow, concentration and sludge removal 
are all essential parameters in the proper 
operation of the unit and the concept of 
solids loading or even sludge volume load- 
ing is very important: 
flow X percentage of sludge 
.___ settled in a given amount of time 
sludge volume loading = —————_2——__— 
horizontal surface area of the unit 
The water specialist must be thoroughly 
familiar with the sludge characteristics in 
every application. The considerable differ- 
ences in treatment requirements have giv- 
en rise to the wide variety of equipment 
described below. 








1 — Raw water. 
2 - Treated water. 
3 - Drain. 


Figure 303. Cylindroconical settling tank. 


3. Settling tanks 


up to about 20 m*°h”, especially in 
physical-chemical treatment. They are 
also used in MWW plants serving pop- 
ulations of less than 1,000 or 2,000 in- 
habitants. 

In larger facilities, this type of settler 
is implemented when the volume of pre- 
cipitates is low and their specific gravity 
high. A flocculator and even a grit cham- 
ber may be provided upstream from the 
settler if necessary. The slope of the 
tank’s conical section ranges between 45° 

‘and 60°, depending upon the sludge 
composition and the treatment process 
applied. 

The mean upward flow velocity is 
0.5 m.h” for clarification ot drinking 
water and from 1 to 2 mh” for the pri- 
mary settling of MWW. 

e Horizontal-flow static settling 
tanks 

In this type of settling tank, formerly 
used for drinking water, the surface area 
of the settling zone, expressed in square 
metres, is equal to one or two times the 
hourly flow of the water to be treated, 


E 


ee: 


expressed in cubic metres. This entails 
vast available space and extensive civil 
works. Moreover, tanks require periodic 
draining to remove the settled sludge, re- 
stricting use of the system to cases 
involving low volumes of settled sludge. 
Static settlers are generally preceded by a 
mixing chamber in which the reagents 
are dispersed quickly, and by a slow- 
speed flocculation phase. 

Two-stage settling tanks are a var- 
iation on horizontal-flow static settling 
tanks. 


3.1.1.2. Static settling tanks with me- 
chanical sludge scraping 


A mechanical device for sludge scrap- 
ing is used whenever the area, of the set- 
tling zone exceeds 30 to 40 m’. This per- 
mits a reduction in the steep floor slopes 
required for natural sludge drainage 
(down to 2% for light sludge), thereby 
making construction of large units with 
limited depth economically feasible. 
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Figure 304. Facility in Kerkh (Iraq). Capacity: 1,200,000 PE. Primary settling tanks. 
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The scraper system is used to push the 
sludge into one or more hoppers from 
which it is extracted. Sludge scraping also 
promotes sludge thickening, which can 
sometimes be further enhanced by con- 
centrating sumps. The rate at which 
sludge draw-off is performed by an auto- 
matic draw-off system, depends on the ac- 
ceptable duration of storage. 

Scraper settling tanks are usually used 
for roughing treatment of river water as 
well as for primary settling and final clar- 
ification in conjunction with biological or 
chemical treatment of wastewater. They 
are also used for settling heavily loaded 
industrial wastewater from sources such 
as: mines, steel manufacturing, sugar 
mills, coal washing, etc. 


e Circular settling tanks 

Scraper circular setting tanks, with di- 
ameter greater than approximately 10 m, 
are basically horizontal-flow tanks, both 
in terms of the settling particles, which 
move away from the middle toward the 


periphery (where the clarified effluent is 
recovered) and of the settled sludge mov- 
ing in the opposite direction toward the 
centre. The complexity of the sludge 
scraper system depends on the applica- 
tion; it may be radial or diametral, and 
may or may not include a surface- 
skimming system (commonly used for 
wastewater). 


In radial scraper systems, the bot- 
tom scraper unit is mounted on rods and 
suspended from a supporting bridge that 
rotates about the axis of the tank; it may 
have only one scraper or a series of scraper 
blades arranged in echelon. 


An on-board drive at one end of the 
bridge powers a wheel that moves along 
the periphery of the unit, thereby rotating 
the bridge (Figures 305 and 306). 


In diametral scraper systems, the 
length of the scraper unit is doubled. As 
above, it may be suspended from a diam- 


* aa 
= = Ss. 
Reece sand 





Figure 305. Type P circular scraper settling tank. General view. 


3. Settling tanks 


etral bridge with a dual reduction gear 
drive at both ends. For these systems, 
however, a central drive is often preferred 
to the peripheral one, in which case the 
bottom scrapers (and surface skimmers 
where applicable) are attached to a diam- 
etral bridge. The bridge in turn is hung 
from a centrally-located drive unit that 
rotates the bridge about the tank axis. 


The Centrideg central drive unit (Fig- 
ure 307) is designed for higher scraper 
torques. It is mounted on the tank cen- 
treline, usually on a centre column made 
of concrete or, for small diameters, over a 
diametral access walkway made of either 
steel or concrete (for settling tanks with 
built-in thickeners). 








Figure 307. Centrideg central drive. 
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In drinking water and wastewater — ers also being mounted on the supporting 
treatment applications, scraper circular — bridge (Figure 309). The flocculated water 
settling tanks with peripheral drive may flows through wide orifices into the set- 
be designed to include a central area for cling area, where the flocculated particles 
flocculation, with the associated slow mix- are deposited with the settleable solids. 


fi 
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Figure 308. Valenton (Paris area, France) facility for SIAAP. Flow: 300,000 ind. 
Central drive unit on the concrete centre column of a primary settling tank, 52 m dia. 
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1 - Raw water inlet. 4 - Settled water outlet. 


2 - Scraper bridge. 5 - Sludge draw-off. 
3 - Flocculation area. 


Figure 309. Flocculator/settling tank with peripheral bridge drive. 








3. Settling tanks 





Figure 310. Cannes (Southern France) facility. Maximum flow: 5,500 m’.h."'. Flocculator/settling tanks. 


Degrémont has standardized a range 
of settling tanks from 6 to 60 m in di- 
ameter. The side water depths are be- 
tween 2 and 4 m. The peripheral velocity 
of the scraper is affected by the percent- 
age of settleable sludge contained in the 
influent water and by its specific gravity; 
in circular scraper settling tanks, the 
velocity is approximately 1 to 3 cms.” 
for wastewater applications. 


e Rectangular settling tanks 
Despite their advantage of allowing a 
more compact overall layout, single or 
multiple rectangular units are more 
costly than circular settling tanks, except 
where complete roofing or enclosure of 
the facility is required. Rectangular units 
usually have a horizontal flow pattern, a 
length/width ratio of between 3 and 6, 
and depth of 2.5 to 4 m. Sludge hoppers 
are located directly below the raw water 


inlet. 


The scraper is either mounted on a 
cross-bridge (Figure 311) that travels 
back and forth along the tank, or consists 
of a flight-and-chain system (Figure 312). 
In the latter case, the bottom is scraped 
from downstream to upstream of the tank 
and the surface is scraped in the opposite 
direction. 


In the former case, all scraper move- 
ments and bridge direction changes are 
fully automatic. Design of the scum 
recovery device located downstream, be- 
fore the settled water outlet, takes into ac- 
count the scraper system and may consist 
either of a trough at the end of a ramp, or 
a rotating slotted tube. 


The advantage of the flight-and-chain 
scraper system (Figure 312) is to allow slow 
displacement (not exceeding 1 cm.s.”) of 
the many individual scrapers. On the other 
hand, the entire scraper system is sub- 
merged, and the maximum 6 m width of 
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the scrapers increases the number of sys- 
tems required. To avoid having a large 
number of hoppers, overall sludge recov- 
ery calls for the use of a cross-bridge 
scraper unit. 

In any case, the construction of very 
long settling tanks is difficult, sometimes 
requiring the floor slope to be reduced to 
as little as 1% and one or more perma- 
nent sludge recovery points to be pro- 


vided over the entire width of the tank 
floor. 

It may be impossible for bridge scrap- 
ers to transfer sludge to the draw-off hop- 
pers, especially if considerable quantities 
are involved and the sludge is fer- 
mentable. Suction-type rectangular set- 
tling tanks offer a solution to this prob- 
lem (see page 658). 




















1 — Raw water inlet. 
2 - Scraper bridge. 
3 - Settled water outlet. 


4 - Recovery of floating matter. 
5 — Sludge removal. 


Figure 311. Longitudinal settling tank with scraper bridge. 
































1 — Raw water inlet. 
2 - Scraper chain. 
3 = Settled water outlet. 





— Recovery of floating matter. 
~ Sludge removal. 


Figure 312. Longitudinal settling tank with chain-driven scraper. 
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atment facility in Geneva (Switzerland) 


Figure 313. Aire effluent tre . Flow rate: 3.6 m’.s.”'. One of the8 649 


settling tanks equipped with a flight-and-chain scraper system. Dimensions: 70 m x 18.5 m. 











Figure 314. Settling tanks with scraper gantry serving multiple units (4 tanks, each 50 m x 200 m). 


Other designs involve bridges that several tanks with one scraper device 
straddle and scrape several settling tanks shifting periodically from one tank to the 
at the same time, or bridges that span next (Figure 314). 
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3.1.2. Sédipac units 


A Sédipac (Figure 315) is a two-in-one 
unit combining a coagulation-flocculation 
zone (3) with a lamellae settling zone in a 
single tank. 


Channels (4) located on either side of 
the lamellae settling zone allow floccu- 
lated water to be transferred from one 
zone to the other, and distribute the set- 
tler influent among stilling chambers 
located just beneath the channels. From 
there, the liquid flows horizontally under 
the lamellae modules (5). 


Most of the sludge settles on the bot- 
tom (6) of the unit, while the residual floc 
is separated in the lamellae modules. The 
clarified water, recovered at the surface in 
troughs (7), is drained through the outlet 
(2). An inspection manhole (9) is pro- 
vided. 








1 — Raw water inlet. 


2 - Settled water outlet, 
3 - Flocculation. 


5 ~ Lamellae settling. 


Figure 315. Sédipac. Basic diagram. 


4 — Flocculated water distribution channel. 


6 - Sludge concentration. 


The lamellae modules (Figure 316), 
inclined at 60° to the horizontal, are made 
of heavy-duty polystyrene. They consist of 
hexagonal-section tubes with a hydraulic 
diameter of 80mm and length of 
1,500 mm. The large cross-section of the 
tubes reduces the risk of clogging in the 
case of fluids containing grease or fibrous 
particles (table 75). 

The hexagonal shape has the following 
advantages: 

- it provides the maximum orifice for a 
given hydraulic efficiency and module 
length, 

— it resists bending under the weight of 
the sludge, as opposed to plate-type 
lamellae modules. 

Sédipac units are used mainly to treat 
municipal or industrial wastewater for 
which flocculation time is 5 to 10 min- 
utes. 





7 - Settled water collection. 
8 - Sludge removal. 
9 — Inspection manhole. 
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Figure 316. Degrémont lamellae modules. 


Table 75. Degrémont modules. 


Hexagonal modules 
Hydraulic diameter (mm) 


Spacing between plates 
(mm) 


Angle of inclination 
Length (m) 


Projected surface area 
m’ module/m’ settler 











3.1.2.1. Metal Sédipac units 


These devices (Figure 317) are built as 
a single unit and are not equipped with 
mechanical scraping. Design calls for coat- 
ing with corrosion-proof paint; all parts 
are accessible for preliminary shot- or 
sandblasting. 

Key unit components are: 
— an impeller with a variable-speed drive, 





— one or more sludge draw-off valves. 

The settling surface area of the units 
ranges from 3 to 21m’, with overall 
height from 4.4 m to 6.4 m. 

Sédipac units may be incorporated into 
package treatment plants, and include a 
reagent feed system and automated con- 
trol. 


3.1.2.2. Concrete Sédipac units 


These units are generally used to treat 
water with high solids loads (SS: about 
0.1 to 1 gl’) and flow rates greater than 
300 m*.h. The flocculation time is 
about 5 to 10 minutes, but can be 
increased if the influent water quality so 
requires. The settling velocity may be as 
high as 15 m.h"', calculated at the settling 
surface of lamellae modules (exception- 
ally, 18 m.h’), 

Concrete units are wider than the 
metal models and are designed with two 
parallel lamellae settling zones, 2 or 3 m 
wide each. Mechanical sludge extraction 
equipment is provided. The water depth 
is between 4 and 4.5 m, with up to 
120 m° of settling surface area. 


e Sédipac R 

This unit is fitted with a scraper 
bridge (Figure 318) consisting of a trans- 
verse beam (1) with a hinged arm (2) 
mounted in the middle. The scraper blade 
(3) is attached to the end of the arm. The 
hinged arm circulates between the settling 
compartment walls (4)(5). The treated 
water is recovered at the surface either by 
troughs (6) or submerged headers. 


e Sédipac U 

This unit is fitted with a suction 
bridge (Figure 319). Designed to include 
easily accessible (for cleaning) distribution 
channels for flocculated water, the unit 
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Figure 317. Metal Sédipac. Facility in Rheintelden, 
Germany. 











Figure 318. Sédipac R settling tank. 


can be used efficiently in municipal 
wastewater treatment by physical-chem- 
ical processes. 

The suction bridge is comprised of a 
load-bearing beam (1) supporting a frame 
(2) that surrounds both settling zones (3). 
The draught tubes (4) are mounted on the 
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frame. Flocculated water is distributed by 
the channels (6), and then is stilled in 
zones (5). 

The treated water is recovered in the 
troughs across the settling zones that 
empty into two drainage channels (7), 
located on either side of the central distri- 
bution channel. 

The same configuration may be 
applied to large lamellae units without 
preliminary flocculation. This is the case 
in primary settling tanks for MWW 
treatment facilities designed for small 
sites. 


e Sédipac C 

This unit is especially well suited for 
clarification of water characterized by con- 
siderable fluctuations in the SS concentra- 
tion, which may reach several grammes 
per litre (Figure 321). 

The settling zone is square and is fitted 
with a centrally-driven bottom scraper. 
The tank floor is designed with a slope 
that extends downward from the middle 
toward the periphery, where the sludge is 
drained by hoppers located at each corner. 
With this unit, large quantities of sludge 
can be removed with a minimum loss of 
water. Hydraulic layout is the same as 
that for the other Sédipac units. 


3.1.3. Suction-type scraper settling 
tanks 


Suction-type scraper settling tanks are 
mainly used for settling in activated 
sludge processes. In comparison to settlers 
used solely for separation, these suction- 
type settling tanks allow recycling of sig- 
nificant proportions of settled sludge 
(equivalent to 50 to 100% of the flow 
treated, or more). 

To avoid hydraulic disturbance caused 
by the transfer and recovery of a high 
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Figure 320. Facility in Nice (Southern France). Flow rate: 220,000 md", 
General view of a Sédipac U unit: 7 x 21.1 m. 
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Diagonal section 





1 - Bottom scraper. 
2 - Sludge hopper. 
3 - Distribution channels, 


Figure 321. Sédipac C 


sludge flow at a single point, yet provide 
rapid sludge recirculation, it is preferable 
to increase the number of draw-off points. 
Suction-type settling tanks, in which 
each scraper blade is paired with a 
draught tube, meet this objective. The 
technique can be applied to circular as 
well as rectangular settling tanks and 
many methods of operation are possible. 
The suction effect is most often achieved 
simply by using hydrostatic pressure. 


3.1.3.1 Circular units 


Suction-type scrapers are normally used 
in units with diameters greater than 20 m, 
and are designed for sludge that does 
not require scraping torque greater than 
3 daN.m per m* of tank surface area. 








Longitudinal section 





4 — Treated water channels. 
5 - Lamellae modules. 


The bottom scrapers are generally sup- 
ported and driven by trussed arms 
attached to the support walkway, and 
have no support wheel on the tank floor. 
Each scraper is fitted with a PVC or 
HDPE draught tube placed at intervals 
that vary from the centre to the periphery. 
The tubes discharge into a recovery hop- 
per. A telescopic sleeve with an adjustable 
overflow is mounted at the discharge 
point of each draught tube, permitting 
individual visual flow control. Air may be 
injected into the straight upright section 
of each draught tube, which then operates 
as an air lift pump. 

Transfer of sludge from the movable 
recovery hopper to the fixed extraction 
pipe built into the unit is performed 
using a vacuum siphon with a priming 
device. These units may also be fitted 
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with surface skimmers for scum remov- 
al. 

In standard Degrémont radial settling 
tanks, the downstream branch of the 
siphon is located along the axis of the unit. 


e Radial suction 


SV-type (Figure 322) 

The system features a_peripherally- 
driven radial bridge rotating about a cen- 
tral column and is equipped with a low, 
partially-immersed beam, which acts as a 

sludge recovery trough. 
The diameter is less than 40 m. 


SR-type (Figure 323) 

The SR-type has a radial bridge con- 
sisting of a horizontal beam, above the 
water. This walkway structure is made of 
folded steel plate or truss elements for 
large units. The sludge recovery tank is 
mounted on the walkway and partially 
submerged. 

The diameter of such units is up to 
40 m. 

The alternative SRP version of this 


unit (Figure 324) involves extending the 
walkway in cantilever over one-third of 
the opposite radius, thereby enhancing 
sludge recovery in the middle zone. An- 
other recovery tank and upstream siphon 
branch are included. 

The diameter may exceed 50 m. 


e Diametral suction 


SD-type 

In-line suction is equally applicable to 
the full tank diameter. In this config- 
uration, suction devices and the activated 
sludge collection equipment are added to 
the type of centre drive described on page 
644. The two-branch siphon feeds a te- 
volving annular recovery tank serving all 
draught tubes (Figure 325). 

The diameter is 60 m maximum. 


e Annular suction 


Succir type 

The purpose of this type of unit (Fig- 
ure 326) is to achieve more balanced 
sludge recovery in the central zone. 





Figure 322. Zellwiller (Eastern France) facility. V-type settling tank. 
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Typical design is based on the periph- The diameter ranges from 30 to more 
eral-drive radial bridge. Most of the than 50 m. 
draught tubes, which rotate with the A simplified use of this technique - 


bridge, are arranged concentrically with and one suitable for small units only - 
the unit, at one-third of its radius. The involves annular extraction points embed- 
others are in line with the scrapers. ded in the tank floor. 





Figure 323. Ploegsteert-Comines (Belgium) facility. 
Flow: 22,650 m’.d'. Aerial view of SR-type settling tanks, 
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Figure 324. Mulhouse (Eastern France) facility. Flow: 98,135 m?.d", SRP-type settling tank. 
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1 - Feed. 4 — Sump with telescopic adjustment valves. 
2 - Circular trough + cover plate with calibrated orifices. | 5 - Standard scraping equipment. 
3 - Recirculated sludge. 6 - Recovery of settled water. 


Figure 325. Diagram of a simplified Succir settling tank. 
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Figure 326. Roanne (Central France) facility. Flow: 30,000 m/’.d". Succir type settling tank, 54 m dia. 


658 


Chap. 10: Flocculation - Settling — Flotation 





Figure 327. Valenton (Paris area, France) facility for SIAAP. 
Flow: 300,000 m’.d'. SD-type settling tank, 52 m dia. 


3.1.3.2. Rectangular units 


A rectangular layout is not as suitable 
as a circular one for the construction of 
large unit surface areas: special attention 
must be paid to ensuring even flow distri- 
bution at the inlet and settled water 
recovery points, and to preventing the 
occurrence of unscraped floor zones. These 
tanks usually have horizontal flow with a 
basically flat bottom. 


The design principle of suction and 
scraping devices for rectangular tanks is 
the same as for circular units. According 
to the size of the unit, sludge is recovered 
either by siphon(s), pump(s) or air-lift(s), 
and scum is drained through a trough or 
a slotted tube. 


The scraper device is usually an auto- 
matically operated bridge travelling back 
and forth along the tank at speeds varying 
from 3 to 4.5 cm.s”, depending on the 
length of the tank. The scraper bridge is 
calculated for a scraping torque of less 
than 20 daN per metre of tank width. 
The end carriage has either elastomer- 
tyred wheels for rolling directly on con- 


crete with lateral guide rollers, or steel 
rollers for rail-mounted units. 


e SLP-type (for small units) 

The sludge is lifted by air-lift(s) into a 
lateral trough or directly into the adjacent 
aeration tank (Figure 328). 

The width may be up to 7 m and the 
length up to 35 m. Water depth: 2.5 m 
to 3 m. 


e SLG-type 

Sludge extraction is generally achieved 
using hydrostatic pressure, by means of a 
vacuum siphon fitted to the bridge. The 
siphon transfers sludge from the recovery 
tank to a lateral gutter. Mobile suction 
along the longitudinal axis may be sup- 
plemented by fixed extraction points 
along the transverse axis. 

This type of construction should be 
considered for units up to 20 m wide and 
70 m long (Figure 329). 


e Special design 
Cross-flow settling tanks 
This alternative is especially worth- 


while when it allows an improved, more 
integrated layout of the aeration and set- 





tling ranks. However, even distribution of 
mixed liquor at the inlet is particularly 
important (Figure 330). 
Distributed fixed-extraction settler 
with additional mobile suction 

Most recirculated sludge is removed 








EL 


Figure 329. Strasbourg (Eastern France) facility. Flow: 


20 m x 66 m each. 
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using a series of fixed air-lifts, placed all 
along the tank centre line and emptying 
into a general recovery channel (Figure 
331). A travelling bridge with scrapers 
and air-lifts scrapes the floor and provides 
additional recirculation. 





242,000 m’.d'. SLG-type settling tank. 18 units, 
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Figure 330. La Miniére (Paris area, France) facility. Flow: 12,000 m’.d". Cross-flow settling tank, 21 m x 
29.) Mm. 





Figure 331. Nice (Southern France) facility. Flow: 220,000 m’.d'. One of 12 secondary clarifiers, 15 m x 
60 m. 





or 
SOLIDS 
CONTACT UNITS 


3.2.1. Sludge blanket units 


In this type of settling tank (also 
known as a clarifier), the sludge formed 
_ through flocculation is retained as an 
expanded blanket. Water flows regularly 
and evenly up through the sludge blan- 
ket. The raw water is introduced at the 
base of the sludge blanket via a distri- 
bution system that promotes continuous 
mixing. The water flocculates as it pas- 
ses through the “sludge filter” and 
emerges clarified in the upper portion of 
the unit. 


If water is fed continuously into the 
bottom of the sludge blanket, the sludge 
eventually ceases to remain suspended 
in the liquid (see page 145). Instead, it 
settles gradually in some zones, ulti- 
mately forming a compact mass of 
settled sludge in which the water has 
created preferential channels, thus de- 
stroying the efficient contact between 
the water passing through the sludge 
blanket and the sludge that forms it. 


On the other hand, if water is 
allowed to enter intermittently, 
quickly and at a high flow, and then is 
stilled for an extended period, the sludge 
mass is seen to remain in a regular 
suspension. All the sludge is entrained 
toward the top as the water flows in, 
but then settles regularly during the 
subsequent stilling period, as it would 
do in a jar at absolute rest. The result- 
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ing sludge mass is uniform in every re- 
spect. 


Jar tests may be conducted in lab- 
oratory to measure the maximum rising 
velocity to which a sludge blanket can 
be subjected; this is the sludge cohesion 
coefficient (see page 353). This maxi- 
mum rising velocity depends on a num- 
ber of factors: raw water composition, 
coagulant and flocculant dosages, tem- 
perature, etc. 


3.2.1.1. The Pulsator clarifier 


This is the most widely used clarifier in 
the world; more than one million cubic 
metres of water are treated every hour in 
Pulsator clarifiers. 


This simple sludge blanket-type clar- _661 _ 


ifier is highly reliable, flexible and can be 
easily adapted to existing tanks to increase 
their treatment capacity. 


Generally used for water clarification, 
it allows rising velocities between 2 and 
4m.h", or even higher in special cases, 
depending on the sludge cohesion coeffi- 
cient. 


The clarifier (Figure 332) comprises a 
flat-bottom tank, with a series of perfo- 
rated pipes (9) at its base, through which 
the raw water is injected to ensure even 
distribution over the entire floor of the 
clarifier. A series of perforated pipes or 
troughs (2) at the top of the tank allow 
uniform collection of the settled water, 
avoiding flow variation from one unit 
component to another. 


Different methods may be used to feed 
the distribution system intermittently. 
They all involve storing a certain volume 
of raw water for a certain amount of time, 
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then discharging it instantaneously into 
the unit. 

The most economical means of achiev- 
ing this is to take the raw water into a 
chamber from which air is sucked by 
means of a vacuum device (7) displacing 
an air flow that is approximately equal to 
one half of the maximum flow rate of the 
water to be treated. The chamber is con- 
nected to the distribution system at the 
base of the clarifier. 

During the filling phase, the raw water 
level rises gradually in the chamber. 
When it rises 0.6m to 1 m above the 
clarifier water level, an electric relay 














1 — Raw water inlet. 

2 - Clarified water outlet. 

3 - Sludge removal. 

4 - Stilling baffles. 

5 — Upper level of sludge blanket. 
6 - Vacuum chamber. 


Figure 332. Pulsator clarifier. 





actuates a valve (8) that is thrown open to 
connect the chamber with the atmos- 
phere. Atmospheric pressure is therefore 
immediately exerted on the water stored 
in the chamber, which rushes into the 
clarifier. 

These units are usually calibrated so 
that the chamber drains into the clarifier 
in 5 to 20 seconds, whereas it takes 20 to 
40 seconds to fill. 

The suction in the chamber is created 
using a fan or blower operating as a vacu- 
um pump. The opening and closing of the 
air release valve are controlled by the 
chamber water level. 














7 — Vacuum pump. 

8 - Air release valve. 

9 — Raw water distribution system. 
10 - Sludge concentrators. 
11 - Reagent feed. 





The main distribution system, located 
in the lower portion of the clarifier, has a 
large cross-section to reduce head loss. The 
orifices along the laterals are positioned to 
permit a homogeneous sludge blanket to 
form in the lower part of the clarifier. The 
blanket pulses up and down and tends to 
expand due to the added reagents and the 
impurities borne by the raw water; its lev- 
el rises regularly. The excess sludge flows 
into hoppers (10) provided in one section 
of the clarifier and becomes concentrated 
there. Sludge is drawn off periodically 
through the pipes (3). One major advan- 
tage of the unit is that if too much sludge 
is drawn off, the resulting water loss does 
not affect the sludge blanket; operational 
integrity remains the same. 

The unit has no mechanical sludge 
mixing system that would break up the 
floc particles already formed. Given the 
high concentration of the sludge blanket, 
and its role as a buffer, poor adjustment 
of the treatment rate or a variation in the 
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raw water pH have no immediate nega- 
tive effects; a slow variation in the turbid- 
ity of the settled water is observed, but 
this does not produce any massive loss of 
the sludge in the clarifier. 

It is easy to convert an existing tank, 
filter or reservoir into a Pulsator, thereby 
modernizing old facilities and increasing 
their flow capacity two or three times 
over. Examples of this type of retrofit are 
the facilities in Buenos Aires, Argentina: 
1,300,000 m*.d™, and Alexandria, Egypt: 
240,000 m’.d. 


3.2.1.2. Lamellae Pulsator clarifier or 
Pulsatube 


Installing Degrémont modules above 
the sludge blanket of the Pulsator clarifier 
results in superior water quality with the 
same settling velocity as a conventional 
unit, or allows an increase in settling 
velocity which can range from 4 to 
8 m.h"' (Figure 334). 





Figure 333. Palermo II facility for drinking water supply for Buenos Aires (Argentina). Flow: 
36,000 m’.h"'. Surface water clarification. Four Pulsator clarifiers, 99.5 m x 27 m. 
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However, in the latter case, special the lower walls of the modules and accu- 
attention should be paid to the raw water mulate there in a thin layer until their 
distribution and settled water collection cohesion allows them to slide back down 
systems, for an increase in the flow mod- into the sludge blanket. 
ifies the hydraulic regimen through the 3.2.1.3. Superpulsator clarifier 
aera The Superpulsator (Figure 336) is a 

The floc particles that have escaped compact and economical sludge blanket 
from the sludge blanket are deposited on —_unit derived from the Pulsator. 


pack of plates, tubes or modules 
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Figure 334, Lamellae Pulsator clarifier or Pulsacube. 
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Figure 335. Boudouaou facility for drinking water supply for Greater Algiers (Algeria). Flow: 
540,000 m’.d'. Surface water clarification. Six Pulsatube clarifiers. Unit area: 551 m’. 
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Figure 336. Superpulsator: cross-section. 


The Superpulsator utilizes the lamellae 
settling effect to combine the respective 
advantages of sludge contact settling, 
sludge blanket pulsing and sludge densifi- 
cation. It has several features in common 
with the Pulsator but extends the range of 
application of the latter. The design prin- 
ciple of the raw water feed with distribu- 
tion at the base of the unit is the same as 
that of the Pulsator. 


The mixture of coagulated water and 
flocculated sludge rises vertically in paral- 
lel streams, through the deep area located 
between the bottom distribution pipes 
and the inclined plates, which thus are fed 
uniformly. The stilling baffles used in the 
Pulsator are not needed for this unit. 


The flocculated water, which is evenly 
distributed, then enters the parallel plates 
slanted at a 60° angle to the horizontal 
and perpendicular to the sludge concen- 
trators. Deflectors fitted to the underside 
of each plate provide support and create 


MU 









mixing movements conducive to floccula- 
tion. (Figure 337). 

The deflector plates serve to maintain 
sludge blanket concentration that is twice 
as high as that of a Pulsator operating at 
the same rising velocity. 





Figure 337. Sludge circulation between the plates 
of a Superpulsator. 
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This high concentration of the sludge 
blanket makes the Superpulsator an effec- 
tive filter for impurities - a major advan- 
tage of deep, concentrated-sludge blanket 
clarifiers. 

As in the Pulsator, the upper level of 
the sludge blanket is limited by its over- 


flow into the concentrator zone, which is 
exempt from the uplift forces caused by 
the rising velocity. The settled water 1s 
collected by a network of collectors. The 
unit's operating flexibility allows rapid 
start-up. Rising velocities used in clar- 
ification range from 4 to 8 m.h”. 





Figure 338. Burlington (Vermont, U.S.A.) facility. Flow: 1,500 m’.h”'. Retrofitting two existing tanks with 


Superpulsators. 


























| - Raw water inlet. 2- Treated water outlet. 3 - Drive unit. 4- Turbine. 5 - Primary mixing zone. 
6 - Secondary mixing zone. 7 - Clarified water. 8 - Sludge recirculation. 9 - Sludge concentrator. 
10 - Excess sludge. 11 - Drain. 


Figure 339. Accelator clarifier. 





3.2.2. Sludge recirculation units 


In this type of unit, the sludge is sep- 
arated from the clarified water in a set- 
tling zone, then recycled to a mixing zone 
equipped with either mechanical agita- 
tion (Accelator, Turbocirculator, Clar- 
icontact) or hydraulic agitation (Circula- 
tor). The raw water with the added 
reagents is injected into the same mixing 
zone. 


3.2.2.1. Accelator clarifier 


The Accelator clarifier (Figure 339) has 
a central reaction zone surrounded by a 
settling zone. The two zones are connected 
at the top and bottom. 


A turbine located in the upper portion 
of the reaction zone circulates the water to 
the settling zone. The sludge deposited in 
the settling zone returns to the central 
zone by induced flow. The resulting 
sludge “enrichment” allows rapid floccula- 
tion and the formation of a dense precip- 
itate. 


In some cases a bottom stirrer is pro- 
vided to mix the raw water with the 
sludge and the reagents and to prevent ac- 
cumulation of heavy deposits that could 
clog the unit. One or more sludge hoppers 
are provided for extraction of excess 
sludge in as concentrated a state as pos- 
sible. 


The Accelator IS is a variation on the 
Accelator equipped with a scraper in the 
lower portion of the unit. The scraper 
promotes thickening of the sludge that is 
pushed to the sludge hoppers in the floor 
for extraction. 
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3.2.2.2. Circulator clarifier 


The Circulator (Figure 340) is a very 
simple piece of equipment whose small 
diameters are perfectly suited for 
medium-sized facilities. 

This type of clarifier has a hydraulic 
device specially designed to accelerate re- 
actions through a methodical recirculation 
of the precipitates formed by the reagents 
and influent water. It is also widely used 
to achieve flocculation and accelerated set- 
tling under pressure. 







































































1 - Reagents. 2- Reaction zone. 3 - Ejector. 
4 -Sludge concentration. 5 - Settling zone. 


6-Settled water collector. 7 - Skirt. 8 - Raw 


water inlet. 


Figure 340. Circulator clarifier for carbonate re- 


moval. 
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The unit has a conical floor to help the 
sludge slide toward the ejector for recircu- 
lation. It has no moving parts. 

The Circulator can usually clarify or 
soften water with a retention time of 45 
minutes to 2 hours depending on the spe- 
cific case; the maximum admissible rising 
velocity is 2.5 m.h” for clarification and 5 
to 7 m.h"' for softening. 


e Scraper Circulator 

For large-diameter units that cannot 
have a sufficient floor slope, a scraper 
bridge is used to bring the sludge contin- 
ually to the middle; design is identical to 
that of static settling tank scraper systems 


(page 643). 


3.2.2.3. Turbocirculator clarifier 


In this unit (Figure 341), precipitates 
are recirculated by a special impeller. The 
impeller prevents damaging fragile metal- 
lic hydroxide precipitates which would not 
withstand recirculation by an ejector. This 
feature makes the unit suitable for clar- 
ification as well as softening applications, 


by accommodating significant flow rate 
variations and high rising velocities, com- 
parable to those of the Circulator. 


The reaction zone, located in the mid- 
dle of the unit, allows excellent control 
over the coagulation, flocculation, sof- 
tening and even oxidation reagents. A 
scraper system continually brings the 
sludge to the centre, where it is then col- 
lected by the recirculation system or 
pushed to the hoppers for concentration 
and periodic extraction. 


3.2.2.4. CLARICONTACT clarifier 


In this unit (Figure 343), an air-lift 
system is implemented to recirculate the 
thickened and scraped sludge into the 
flocculation zone, thereby permitting 
monitoring of sludge quality. The volume 
and the contact time (hence, the floccula- 
tion time) are defined based on water 
characteristics. A scraper system allows 
the sludge to thicken as it is pushed 
toward the hoppers, from which it is peri- 








1 - Raw water inlet. 2 - Sludge recycling. 3 - Floc maturation. 4 - Settling zone. 5 - Scrapers. 6 - Excess 
sludge. 7 - Treated water outlet. 8 - Impeller for mixing raw water and recycled sludge. 9 - Reagent feed. 
Figure 341. Turbocirculator clarifier. 





3. Settling tanks 








Figure 342. James MacLaren Industries Inc. (Canada). 
Primary settling of effluents. Turbocirculator. 55 m dia. 


odically removed after becoming concen- 
trated. 


3.2.2.5 Thermocirculator clarifier 


This unit (Figure 344) is used for com- 
bined lime softening and magnesium ox- 
ide-based silica removal for some boiler 
feedwater applications (medium _pres- 
sure). It also allows partial deaeration (ox- 
ygen). 

Treatment occurs under low pressure 
equivalent to the vapour pressure, at a 
temperature selected between 102° and 





115°C depending on the case. This tem- 
perature range allows complete and rapid 
reactions, further facilitated by sludge 
recirculation. This is performed by a 
“steam-lift” pump, located outside the 
unit, and easy to check for proper oper- 
ation. 

The unit is fitted with a steam regu- 
lator and a water level regulator. Its upper 
portion may include a deaeration zone fed 
with settled water, in which case the heat- 
ing steam goes through the deaeration 
chamber before it heats the raw water. 


1 - Settled water recovery trough. 2 - Air-lift. 3 - Flocculator. 4 - Distribution baffle. 5 - Sludge removal. 


6 — Raw water inlet. 7 - Scraper. 
Figure 343. Claricontact clarifier. 
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1 - Raw water inlet. 2 - Spray. 3 - Reagent inlet. 
4- Funnel, 5 - Flow shaft. 6 - Sludge removal 
pipe. 7 - Non-condensible gas outlet. 8 - Heating 
steam inlet. 9 - Recirculated sludge. 10 - Con- 
densed water outlet to filtration. 11 — Steam ejec- 


tor. 


Figure 344. Thermocirculator. 


3.2.3. Densadeg 
clarifter/thickener 


The Densadeg is an external recircula- 
tion unit based on the lamellae settling 
principle. It is a fast, compact and adapt- 


able unit, unaffected by variations in 
raw water composition and flow rate. 
The unit reduces the volume of settled 
sludge, which can then be dewatered 
without further thickening. 


The RPL Densadeg has three main 
components (Figure 345): 


R - Reactor: the reactor is made up of 
three successive chambers. Chambers 1 
and 2 provide rapid flocculation with 
mixing by an axial-flow impeller that 
recirculates the flow within the reactor. 
In chamber 3, plug flow conditions pre- 
vail to allow slow flocculation. Follow- 
ing coagulation, the raw water (5) 1s 
injected at the base of the agitated reac- 
tor. The flocculant is fed in (6) at the 
base of the turbine. Sludge from the 
presettler-thickener is recirculated exter- 
nally (7). 


The design of the reactor promotes 
the formation of dense floc; rising 
velocities in the lamellae settling zone 
may exceed 20 m.h” for clarification 
and 30 m.h'' for lime softening. 


P — Presettler-thickener: most of the 
floc settles in this zone. The lower por- 
tion is fitted with a thickening picket 
fence (9) and a bottom scraper (10). 
The thickened sludge is drawn off 
through a pipe (14) from the central 
sludge hopper. Part of the sludge is 
recirculated to the raw water inlet pipe 
(7), thereby ensuring optimum sludge 
concentration in the reactor at all times. 
The excess sludge is drained by gravity 
or pumped away. The sludge is thick 
enough to be transported to the dewa- 
tering system without any additional 
thickening. 





L - Lamellae settling: this settling 
chamber, fitted with hexagonal-section 
Degrémont modules (11), removes the re- 
sidual floc. The settled water is recovered 
(13) by a system of collection troughs 
(12). Depending on the size of the unit, 
the sludge is collected by gravity or scrap- 
ing (15), extracted in (16) and recycled to 
the head of the reactor. 

The Densadeg can be used in a variety 
of applications: production of drinking or 
process water (clarification, lime softening), 

treatment of waste filter backwash 

water, treatment of industrial wastewater 
(flocculation, precipitation), or MWW 
(physical-chemical treatment, tertiary 
treatment for phosphate removal, etc.). 

Depending on the treatment goals, the 





3. Settling tanks 





relative sizes of the lamellae settling zone 
and of the prethickening zone can be 
varied. Thus, if the purpose is simply to 
concentrate the suspended solids in the 
raw water, without attempting to achieve 
the best possible quality of settled water, 
a unit without a lamellae zone (Densa- 
deg RP) is sufficient. One such applica- 
tion involves the treatment of filter back- 
wash water in facilities not equipped for 
in-line settling: in-line coagulation, bio- 
logical iron removal. This also applies for 
treatment of mine water, and some 


IWW. On the other hand, if high- 


quality settled water is the priority treat- 
ment goal, and if there is no need to 
achieve maximum sludge thickening, 
then the Densadeg RL (Figures 346 and 
347) is appropriate. 














Figure 345. RPL Densadeg. Basic diagram. 
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1,2,3 - Flocculation chambers. 
4 - Propeller. 
5 — Raw water inlet. 
6 - Reagent feed. 
7 - Recirculation pump. 
8 - Flocculated water inlet. 


Figure 346. Densadeg RL - Basic diagram. 





9 - Drive shaft. 

10 - Scraper. 

Il - Modules. 

12 - Collection troughs. 

13 - Treated water outlet. 
14 - Sludge draw-off pump. 





Figure 347. Extension of the LE-Dumez eee in ee sur-Seine (Paris area, France). Clarification of 
water from ime River Seine. Flow rate: 3,800 m’.h”'. RL Densadeg clarifier. Settling velocity in the lamellae 
zone: 22.5 m’.h", 





A steel version of the Densadeg is also 
available (Figure 348). 


3. Settling tanks 





Figure 348. Franken II (Germany) facility. Flow rate: 


duction of process water. Steel Densadeg clarifier. 
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GRANULAR 
CONTACT MEDIA 
CLARIFIERS 

THE GYRAZUR 


The main difference between this de- 
vice and sludge contact precipitation units 
lies in the use of larger nuclei. While in 
the preceding devices the size of the ele- 
mentary calcium carbonate crystals 1s 
about 0.01 mm, a “catalysing” media is 


150 m’.h”. Clarification of river water for the pro- 


used here, generally involving sand with 
initial particle size of 0.2 to 0.4 mm, con- 
tained in a conical receptacle. The calcium 
carbonate precipitates by crystallizing on 
the surface of the grains, between which 
water percolates upward at a high rate. 
The large number of grains guarantees a 
rapid and complete reaction. 


These units have three advantages: 
- relatively compact, 
— able to operate under pressure; when 
associated with pressure filters, they can 
be used for carbonate removal with no 
pressure break between units, 
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- instead of sludge, they create beads 1 to 
2 mm in diameter which dewater very 
rapidly. 


Since catalytic lime softening involves 
crystallization of the calcium carbonate of 
the water with the granular media, dis- 
petsing agents must not be used. The 
process is not applicable to water contain- 
ing too much colloidal matter, iron or 
magnesia. To prevent precipitation of 
magnesium oxides, the magnesium hard- 
ness of the raw water (MgH) must con- 
form to the relation MgH < TH - M alk. 


The Gyrazur can be used to produce 
carbonate-free water with low SS, as the 
solids are mainly a result of impurities in 
the lime used (lime grit). 


The Gyrazur (Figure 349) is a metal 
unit comprised of a stack of three cylin- 
ders with diameter increasing from 
bottom to top, connected by truncated 
conical sections. This geometry contains 
practically twice as much granular media 
as a conventional conical unit of like up- 
per diameter and height. 


The raw water is introduced horizon- 
tally and tangentially (1) into the lower 
cylinder so as to impart an upward spi- 
ralling motion that makes the media 
expand and move. 


The lime, in the form of highly diluted 
milk of lime or lime water, is injected 
directly into the media at (3), which is 
slightly above the raw water inlet and 
thus in a highly turbulent zone that facil- 
itates rapid mixing. 


The treated water, separated from the 
media in the upper cylinder (7), is recov- 
ered at the top of the device and drained 
out through (2). 


Since the grains of the media grow con- 
tinually, the largest must be removed pe- 
riodically from the base of the device (4), 
and replaced by new small nuclei intro- 


duced through (5). 











I — Raw water inlet. 


2 - Treated water outlet. 

3 — Reagent addition. 

4 - Media removal. 

5 - Addition of new nuclei. 
6 - Drain. 

7 — Upper level of the media. 


Figure 349, The Gyrazur reactor. 


3. Settling tanks 


High rising velocities, from 30 to 70 m.h™, The Gyrazur reactor can also be used 
are possible in the separation zone. Gyrazur for removal of carbonates using caustic 
models may be designed to accommodate soda. Layout is shown in Figure 350. 
flow rates from 50 to 2,000 m?*.h”. 
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1 - Raw water lift station. 2 - Sand loading chamber. 3 - Gyrazur. 4 - Bypass. 5 - Drain. 6 - Ejector. 
7 - Grain storage silo. 8 - Bead removal. 9 - Lime silo. 10 - Volumetric feeder. 11 - Metering pump. 
12 - Treated water outlet. 


Figure 350. Lime softening facility using the Gyrazur. 





Figure 351. LE-Dumez facility in Villeneuve-la-Garenne (Paris area, France). Maximum flow trate: 
1,800 m’.h"'. Lime softening of groundwater using a Gyrazur reactor. View of the reagent feed point at the 


base of the unit. 
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3.4, 
SLUDGE 
DRAW-OFF 
DEVICES 


3.4.1. Internal collection 


e Without scraper 

The sludge is concentrated in: 
— single gravity hoppers (plain static set- 
tlers, metal Sédipac units), 
— multiple gravity hoppers (Accelator, 
Pulsator, etc.). 


The slope of the hopper walls must be 
greater than the angle of repose of the 
sludge. 


e With scraper 

The sludge at the bottom is pushed by 
a scraper device toward one or more 
recovery points, designed to avoid depos- 
its. In some cases, such as wide rectan- 
gular settling tanks, the tank itself must 
be fitted with a scraper due to the prohib- 
itive cost of providing sufficient slope to 
allow gravity flow. 


With suction systems, sludge can be 
collected without hoppers. 


3.4.2. Recovery 


Sludge recovery may be by gravity 
flow, provided that a sufficient head is 
available and that sludge characteristics 
(viscosity, thixotropy, texture, etc.) per- 
mit. Otherwise, the sludge must be recov- 
ered directly by pump, and recycled where 
applicable. 


One means of recovering sludge 
directly, without hoppers or scrapers, 


involves submerged, self-propelled suction 
devices with PLC multidirectional control. 


Sludge draw-off is intermittent except 
in specific cases involving: 
— external recirculation, 
— a high risk of clogging. 


3.4.3. General configuration 


Sludge draw-off lines must be designed 
to eliminate the risk of clogging. The fol- 
lowing guidelines must be adapted to the 
sludge characteristics: 

— sufficient line velocity should be pro- 
vided at least periodically, to prevent de- 
posits, 

- pipe diameters should be sufficient, 

— pipe runs should be as straight as pos- 
sible, 

— pump suction lengths should be mini- 
mized, 

- perforated pipes should be used for 
recovery only over short distances and 
with highly fluid sludge, 

— drainage and rinsing of pipes (water 
and compressed air flushing) or even me- 
chanical raking out (steel industry) should 
be provided. 


Figure 352 shows two configurations 
applicable to concentrated industrial 
sludge for: 

— direct recovery, 


— recovery via an intermediate storage 
sump. 


This configuration allows visual control 
and accommodates different instanta- 
neous flows between the settling tank 
draw-off process and sludge removal. 


3. Settling tanks 


3.4.4. Sludge removal devices 


ISOLATING DEVICES 


Pinch valves 


Spherical or taper plug 
valve 


Telescopic valves 


Butterfly valves 


Siphons 


PUMPS 


Vortex pumps 


Eccentric rotor 


Diaphragm pumps 


Archimedes’ screw 


Air-lift 





Any sludge 


Industrial sludge 


MWW sludge 


Drinking water sludge 


Suction-type settling 
tanks 


Any sludge 


Concentrated sludge 


Concentrated sludge with 
high pressure discharge 


Activated sludge 


Abrasive, only slightly 
concentrated sludge 





COMMENTS 


Sleeve selection based on 
resistance to chemical 
agents 


Taper plug valves for 
abrasive sludge 


Visible flow 


Partial flow valves for 
large diameters and highly 
fluid sludge 


Avoid pipes through walls 
and isolation valves 


Except sludge with high 
concentrations 


High flows 


Low lift heights. Can 
accommodate large parti- 
cles 
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3.4.5, Automation 


Since sludge draw-off is almost always 
intermittent, it is a process worth auto- 
mating. Depending on the application, 
the controls can be set up according to 
different parameters: 


— frequency/duration using a timer 
(especially if the flow treated is constant 
and if the concentration of extracted 
sludge is of little import), 

— flow rate (variable frequency but con- 
stant duration of extraction), 


— concentration of the sludge (measured 
ultrasonically or estimated based on 
scraper torque measurement), 


- settling tank sludge level (detected by 
an ultrasonic or optical probe), 
— other. 


Automated devices are described in 
Chapter 21, page 1130. 


3.4.6. Scum 


Usually, matter floating on the surface 
must be separated from sludge. In gen- 
eral, the skimmer directs it toward a hop- 
per or trough connected in turn to a sump 
in which the scum is concentrated. The 
profile and diameter of the connecting 
structure must take into account the 
“stickiness” of the scum; automatic clean- 
ing devices are often included. 











1 - Isolation valve. 


2 - Intermediate sump. 
3 - Head required on the draw-off pipe. 
4 - Sludge outlet. 


5 — Level sensor. 
6 - Flushing water connection. 
7 - Vertical pipe drainage. 


Figure 352. Examples of IWW sludge recovery: a - direct; b - with intermediate sump. 


4, Flotation units 


4. FLOTATION UNITS 


4.1. 
GENERAL 
TECHNOLOGY 


Flotation units may be circular or rec- 
tangular. Rectangular ones are normally 
used in drinking water treatment because 
they can be used as part of a single struc- 
ture combining the flocculator, flotation 
unit and filters with minimum space 
requirements. 

If necessary, preliminary testing may be 
done on a laboratory (Flottatest, Figure 








Figure 354. Mobile flotation unit. Flow rate: 10 mA") 


353) or semi-industrial pilot plant scale 
(Figure 354). 

In terms of hydraulic characteristics, 
especially when treating water with high 
SS concentrations, a circular flotation unit 
is preferable to a rectangular one: for a 
given unit capacity, the distance between 
the top of the water/air bubble mixing 
chamber and the bottom of the scum baf- 
fle is shorter and bubble distribution may 
be kept virtually uniform over the entire 
horizontal cross-section of the vessel. 


4.1.1. General description of a flo- 
tation unit 


The operating principle described in 
Figure 355 applies to both circular and 
rectangular flotation units. The raw 
water (11), which may have already un- 
dergone chemical flocculation (12) in a 
flocculator (13), is injected into a mixing 
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chamber (1) where it is placed in con- 
tact with air-saturated water (9) that 
has passed through a_pressure-release 
valve, resulting in the formation of 
small air (or gas) bubbles that attach to 
the solid particles. Being of lower specif- 
ic gravity than the water, the particle/ 
bubble composite is separated out in 
zone (2) and collects at the surface. The 
resulting sludge is recovered by a surface 
skimmer and channelled out through a 
trough (4). The water separated from 
the particles is recovered under a scum 
baffle (5) before it is collected and 
drained off in (6). 


Pressurized water is obtained: 

- either by recycle pressurization, i.e., 
part of the treated water is recycled (7) 
and brought into contact with pressurized 
air (or gas) (14) in a saturation vessel (8); 
- or by full flow pressurization, in 
which all the liquid to be treated is pres- 
surized. 


The pressurized water is injected into 
the mixing chamber (1). 

For some applications and for large- 
diameter units, the flotation unit is fitted 
with a bottom scraper to facilitate the re- 
moval through (10) of any sludge that 
settles on the floor. 


Comments: 

a) The mixing chamber serves two pur- 
poses: 

- to combine the water to be treated 
with the pressurized water, 

— to dissipate the kinetic energy from the 
mixture before the latter passes into the 
separation zone. 

b) The floated sludge layer may in some 
cases reach a thickness of several dozen cen- 
timetres and be extremely stable (thicken- 
ing of activated sludge). In other cases it is 
not as thick and/or is more fragile (flota- 
tion of metallic hydroxide floc or oils). 

c) The number of surface skimmer 
blades depends on their rotational veloc- 





Figure 355. Flow sheet of a flotation facility. 


4, Flotation units 


ity, the distance between two blades and 
the amount of sludge to be removed. The 
risk of deaeration or rupture of the sludge 
must be avoided. 


4.1.2. Saturation vessels 


These gas-dissolving units are made of 
galvanized steel or have internal protec- 
tion. They may be vertical or horizontal. 

The standard Degrémont vessels have a 
contact time ranging from a few dozen 
seconds up to one minute. Vertical units 





are used for flow rates under about 
300 mh". 

Different types of regulation prevent 
the pressurization gas from discharging 
directly into the flotation units. Figure 
356 shows one configuration that is 
widely used because of its simplicity. 
4.1.3. Recovering floated sludge 

Floated sludge to be recovered from the 
receiving hopper may require deaeration 
before pumping. The pumps must have a 
positive suction head. 
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5 — Compressed air. 

6 - High level contact. 
7 - Low level contact. 
8 — Pressurized water. 


1 - Water to be pressurized. 

2 - Saturation vessel. 

3 - Recycle. 

4 - Valve control air. 

Figure 356. Diagram of a pressurization system. 





been standardized for diameters up to 8 m. 
It is fitted with a dual scraper system, for 
the surface and the bottom (Figure 357). 

Depending on the application and the 
diameter, the Flotazur BR has between 
two and six surface skimmers (1) and on- 
ly a single bottom scraper (2). The sys- 


4.2. 
CIRCULAR FLOTATION 
UNITS 


4.2.1. Flotazur BR 


The Flotazur BR, made of metal, has 
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tem’s central drive motor reduction gear 
(3) is connected by an arm (4) to the 
middle component (5) with the other end 
resting on a roller (6) that moves along a 
track. The bottom scraper is suspended 
from one of the scraper arms. 


The floated sludge receiving trough 
(7) is long and has an access ramp, the 
upright part of which is designed to 
ensure contact with the scraper at all 
points. Downstream, the sloped guides 
allow gradual return of the skimmer into 
the water with the minimum of disturb- 
ance. 


4.2.2. Sédiflotazur 


The Sédiflotazur is a concrete unit 
standardized for diameters up to 20 m. 
The scraper principle is similar to that of 
the Flotazur BR. The difference is that the 
scraper system is pulled by a peripherally- 
driven walkway to which the bottom 
scraper is attached. 

For unit diameters greater than 15 m, 
two diametrically opposed sludge drainage 
troughs are provided, both to minimize 
sludge retention time at the surface 
(avoiding deaeration) and especially to 
prevent overloading at the trough inlet. 





























Figure 357. Flocazur BR. 











4, Flotation units 





Figure 358. Barrancabermeja (Colombia) facility for Ecopetrol. Flow rate: 3,000 m’.h”'. Flotation of oily 


water. 4 Sédiflotazur units, each 15 m dia. 


4.3, 
RECTANGULAR 
UNITS 


4 3.1. Flotazur P 


The Flotazur P (Figure 359) is a com- 
bined flocculator (1) and rectangular flo- 
tation unit (2). It is especially suited for 
treatment of lightly loaded waters giving 
light, fragile floc. The rising velocity is 
between 5 and 8 m.h™ with the propor- 
tion of pressurized water ranging from 6 
to 12%. 

After a retention time of 15 to 30 min- 
utes in a flocculator equipped with slow 
stirrers (usually two compartments), the 
water enters the parallel mixing chambers 
(3) directly, where it comes into contact 
with the pressurized water (4). The 


floated sludge is removed at the opposite 
end (7) by a travelling scraper bridge (5) 
that scrapes the portion of the tank where 
the sludge thickens (about a third or half) 
without disturbing the expansion zone 
above the mixing chambers. Depending 
on the dimension of the tanks, the scraper 
bridge is driven by a pneumatic piston (6) 
or an electric motor. A chain scraper may 
be provided. 


These devices have been standardized 
for surface areas up to 120 m* and are not 
usually fitted with a bottom scraper. 


43.2. Flotazur L 


Primarily intended for highly loaded 
water requiring high pressurized water 
recycle rates, this unit (Figure 361) is not 
as widely used as circular units. 
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Figure 359. Flotazur P. 
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Figure 360. Facility at Pontrieux (Western France). Drinking water supply. Flow: 200 m’.h'. Clarification 
of river water by flotation. View of the sludge and the Flotazur P scraper system, with a surface area of 
27 


The Flotazur L has the same arrange- The scraper system removes the surface 
ment as the Flotazur P for mixing the water scum and, if necessary, the sludge at the 
to be treated with the pressurized water. bottom (chain scraper or scraper bridge). 











1 - Raw water inlet. 

2 - Pressurized water inlet. 
3 - Mixing zone. 

4 — Treated water outlet. 
5 - Float outlet. 


Figure 361. Flotazur L. 


4.4. 

FLOTATION UNITS 
FOR SLUDGE 
THICKENING 


4.4.1. General 


The flotation units used in the treat- 
ment of water with high SS concentra- 
tions (several grammes per litre) have the 
following characteristics: 


— a modified mixing chamber design, 


— greater depth, providing more than 
80 cm for storage of larger quantities of 
sludge, thereby promoting thickening, 


4. Flotation units 





6 - Sludge removal. 

7 — Bottom scraping. 

8 - Surface skimming. 

9 - Water recycled to pressurization. 


— a scraper system with a large number 
of scraper arms, 


- sludge removal troughs designed to 
increase the volume of the sludge 
removed each time the scraper arm pas- 
ses, 


— the option of mounting an anti-odour 
cover on the scraper arms. 


In this application, the full flow pres- 
surization technique is generally used. 


Although rectangular tanks may be 
used, circular tanks allow greater effi- 
ciency, especially for the larger sizes, using 
simple equipment with minimal mainte- 
nance requirements. 
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4.4.2. FE flotation units 


FE flotation units are circular de- 
vices made of metal that have been stand- 
ardized for diameters up to 8 m. The 
scraper principle for this device is the 
same as that of the Flotazur BR. 





4,43, FES flotation units 


FES flotation units are circular 
units made of concrete, based on the same 
scraper principle as the Sédiflotazur. The 
model has been standardized for units up 
to 20 m in diameter. For diameters great- 
er than 15 m, these units are equipped 
with two diametrically opposed sludge 
drainage troughs. 


Palos 





Figure 362. Maxéville (Eastern France) facility for the Champigneulles brewery. Flow rate: 600 m?.h™. One 
of two 20 m dia. flotation units. 
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AEROBIC BIOLOGICAL PROCESSES 


1. ACTIVATED SLUDGE 


18 

INSTALLATION 
LOADING 

AND OPERATIONAL 
CHARACTERISTICS 


The purification efficiency of an acti- 
vated sludge plant depends on two factors 
simultaneously: 

— fixing, by adsorption and oxidation, of 
the polluting elements by the bacterial 
mass (or biological floc), 
— effective separation of this floc from the 
purified interstitial water. 

In the activated sludge reactor, bacte- 
rial mass is accumulated due to sludge 
recycling; sludge age thus increases with 
the available biomass quantity and has a 
somewhat slowing effect on the bacterial 
activity; however, in the development 
phase (see page 297) which is the phase of 
most of the bacterial flora, this effect is 
not predominant and, generally speaking, 
the quantity of pollution retained is all 


the greater because the bacterial mass is 
considerable. 


For continuous removal of the soluble 
carbonaceous pollution, the purification 
efficiency is greater the lower the F/M 
ratio (see page 296) and the greater the 
sludge age. This might not be the same 
for concomitant nitrification or phosphate 
removal. 


Purification processes by activated 
sludge are thus classified in families. 
However, it is customary to relate these 
processes not only with F/M ratio but also 
with BOD loading. There are two rea- 
sons for this: 


— the requirements of clarification - usu- 
ally carried out by settling - make it nec- 
essary not to exceed maximum concentra- 
tions of SS (g.I"') of the activated sludge 
liquor. For the limits of F/M ratio there 
are thus corresponding limits of loading in 
BODs or COD (kg/ m’.d) calculated on 
the volume of the biological reactor, 


— a minimum retention time in the bio- 
logical reactor is necessary to facilitate the 
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phenomena of adsorption and to dampen 
the effect of peaks, particularly common 
in municipal effluents. 

Table 76 summarizes the usual classifi- 
cation by loading level of the processes of 


removal of carbonaceous pollution by ac- 
tivated sludge. The stated efficiencies 
assume the case of proper separation of all 
the elements that can be settled from the 
activated sludge liquor. 


Table 76. Classification of processes using activated sludge. 






























Medium loading 





Very high loadings (F/M>1.2) are 
sometimes used in an initial roughing 
stage where the pollution is basically 
removed by adsorption and retaining of 
particles in the biological floc. 


With concentrated industrial wastes, 
purification efficiencies are greater than 
those indicated above. 


It is customary to compare the F/M 
ratio to the mass of aerated sludge present 
in the aeration tank alone, because it is 
usually in this reactor that most of the ac- 
tivated sludge is found and that the 
medium is aerobic. However, in certain 
processes, the volume of sludge present in 
the clarifier may be of the same order of 
magnitude as or even greater than that of 
the aerated sludge. The preceding classifi- 
cation must then be modified. 


F/M BOD loading BOD; removal 
kg BOD;/kg (Cv) ra a efficiency P on 
SS.d kg BODs/m’.d ¥ MWW 
Low loading F/M < 0.15 Cv< 0.40 10 t0 30 |p = 90% 
Nitrification possi- 
F/M < 0.07 ble 
(extended aeration) 


0.15 < EM <0:.4) 0:5'< Cr< 15 4 to 10 
temperatures 


High loading by P04 lS Cys Pp < 80% 

























p ~ 80 to 90% 
Nitrification possi- 
ble at elevated 


Figure 363 characterizes the devel- 
opment of purification according to the 
F/M ratio. 


phulacee le Respiration 


assimilation 


Residual BOD 
Initial BOD, 





Endogenous Net 
respiration 


Figure 363. Development of purification as a func- 
tion of the F/M ratio. 
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be. 

POSSIBLE 
ARRANGEMENTS 
OF ACTIVATED 
SLUDGE TANKS 


Independent of the loading criteria 
(and sludge age), the hydraulic arrange- 
ment of the biological reactor and the 
relations between reactor and clarifier 
_ make it possible to distinguish various 
systems of activated sludge treatment. 


1.2.1. Plug flow tank 


The waste to be treated and the recy- 
cled sludge enter more or less at the same 
point at the head of the tank which is ar- 
ranged in such a way as to form a long 
channel (Figure 364). 





RW = raw water 
RAS = returned activated sludge 
C = clarifier 


Figure 364. Principle of plug flow. 


The substrate concentrations and the 
oxygen demands of the activated sludge 
liquor vary throughout its flow path. This 
is why the installed oxygenation power 
normally decreases from upstream to 
downstream (tapered aeration). 

This type of tank is the oldest. It is 
used particularly in the case of nitrifica- 
tion and is especially suited to large 


plants. Usually sized for considerable 
retention times (5 to 6 h at average flow), 
it 1s sometimes used on a high rate basis 
with retention times of | to 2 h and liq- 
uor concentrations of SS of 1 to 2 gl" (a 
process called modified aeration). 

For any reaction that is not zero, the 
plug flow reactor makes it possible to 
achieve the best purification efficiency. 
However, a perfect hydraulic design is 
impossible and would lead to excessively 
costly construction. A longitudinal dis- 
persion factor is unavoidable (see page 
288). 


1.2.2. Completely mixed tank 


The aim is to obtain a completely 
homogeneous reactor presenting, at all 
points, identical concentrations of 
microorganisms, dissolved oxygen and re- 
sidual substrate (Figure 365). The raw 
effluent is immediately dispersed in the 
reactor, and the interstitial liquid repre- 
sents the treated effluent. 

Nevertheless, the theoretical concepts 
of complete mixing are rarely fully ad- 
hered to in practice, particularly with 
large units. They are only achieved practi- 
cally in certain package units (Oxyrapid). 
The advantage of complete mixing is to 
limit overloads due to pollution peaks 
(daily, for example). 





Figure 365. Principle of complete mixing. 
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1.2.3. Closed loop basins 


This technique (Figure 366) is similar 
to that of the completely mixed one. 
However, the relatively great length of the 
loop, and the very localized arrangement 
of the aerators, lead to quite considerable 
variations in the dissolved oxygen content 
throughout the basin. 

When the aerators used are of the hori- 
zontal type, the reactor is often called an 
“oxidation ditch”. If they are of the verti- 
cal type, it is often called “Carrousel”. It is 
always possible to connect several basins 
in a loop in series uniting with each other. 


Carrousel 





Figure 366. Closed loop basins. 


There is a particular type of closed loop 
reactor to point out: the deep well reactor 
(Figure 367). In this small diameter verti- 
cal reactor (generally less than 3 m) that 
may be up to several dozen metres deep, 
the depth allows an increase in the oxygen 
transfer efficiency. Air is introduced in the 
rising branch A; to ensure external recy- 
cling of the liquid mass in the vertical 
plane and, at the same time, in the de- 
scending branch A». Hydraulic operation 
of the system is difficult. 





(ea ==> to Dandie 


RW = raw water 

RAS = returned activated sludge 
D = deaeration 

C = darification 

A = air injection screen 


Figure 367. Deep well reactor. 
1.2.4. Cascade tank 


This type of reactor (Figure 368) com- 
prises a series of completely mixed tanks 
through which the activated sludge liquor 
flows successively. It follows kinetics simi- 
lar to those of the plug flow tanks, while 
making use of compact reactors of simple 
construction. It adapts quite well to treat- 
ments combining the ammonium and 
phosphorus removal with that of the car- 
bonaceous pollution. 





Figure 368. Cascade tank. 





1.2.5. Stepped feed tank 


(incorrectly called “step aeration”). The 
inflow of wastewater is organized in step 
fashion in the aeration tank, which is 
comprised of a series of cells successively 
traversed by the liquor, which “zigzags” 
forward. The recycled sludge is introduced 
at the head of the tank. Oxygen needs are 
thus much better distributed than in a 
plug flow tank and, for the same SS con- 
centration at the inlet of the clarifier, the 
- mass of activated sludge present in the re- 
actor is also greater. 

Degrémont have perfected various reg- 
ulating systems for this stepped feed proc- 
ess (Figure 369). 





Figure 369. Stepped teed tank. 


1.2.6. Contact-stabilization process 


This process, initially known as Bio- 
sorption (Infilco-Degrémont) consists of 
mixing the raw wastewater with the recy- 
cled activated sludge only after a long pe- 
riod of re-aerating it, with this period 
allowing the oxidation and assimilation of 
the stored organic matter (Figure 370). 

In the contact phase, purification is 
basically ensured by adsorption, with only 
partial synthesis of the new bacterial 
mass. It lasts 20 to 40 minutes on 
MWW. 

The volumes of the two zones are com- 
parable in size. 


1. Activated sludge 





1.2.7. Adsorption-bioaeration 
process 

This process consists of carrying out the 
biological purification in two separate 
phases each including a reactor and a clar- 
ifier. It is used on raw wastewater and 
consists of: 
— a phase with very high loading (high 
rate), greater than 2 kg BODs per kg SS 
per day, 


- a phase with medium loading 
(medium rate) (F/M ratio of 0.3 kg 
BODs per kg SS per day). 

The purpose of this process is to devel- 
op two completely different bacterial flo- 
ras in the two stages. In the first, the phe- 
nomena of adsorption dominate and a 
reduction of about 30 to 50% BODs is 
sought. In the second stage, the mecha- 
nisms of oxidation and synthesis are pre- 
dominant. Nitrification is possible if the 
F/M ratio is sufficiently low. 


stabilization 


contact 





Figure 370. Contact-stabilization process. 


adsorption 


Figure 371. Adsorption-bioaeration process. 
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ie 
THE CLARIFIER 
AND RECYCLING 


Separation of the bacterial floc from 
the interstitial liquor, or clarification, is 
usually achieved by settling. 


In a continuous purification process, 
this clarifier, separated from the actual re- 
actor, is called secondary settling tank. 
In intermittent processes (in batch run) or 
alternating processes, settling can be 
ensured in the actual reactor. On highly 
concentrated activated sludge liquors, sep- 
aration by flotation may sometimes be 
used. 


Activated sludge tends to flocculate, 
with a specific gravity quite near that of 
water. Its ability to settle, monitored by 
the SVI (sludge volume index), or Mohl- 
man index (see page 297), depends on a 
certain number of factors that affect the 
characteristics of the bacterial floc: the 
presence of industrial wastes, the dissolved 
oxygen content, the variation in the 
microorganisms load conditions through- 
out the treatment cycle, the aeration 
mode, the temperature, etc. The settle- 
ability and the concentration of activated 
sludge determine, with the flow of treated 
water and the total throughflow (raw 
wastewater flow + recycled flow) the 
proper operation of secondary settling 
tanks. 


They provide two equally important 
functions: 
— clarification of the wastewater, 
— thickening of the recycled sludge. 


Rising velocity and solids loading 
(SS) are typical parameters for sizing the 
secondary settling tanks whose guide val- 
ues are as follows for MWW: 












Rising velocity Solids loading (SS) 
Daily Maximum Average Maximum 
m?/m*d | m?/m?h | kg/m*h | kg/m’h 
15-30 vet 3-6 8 
8-15 a5 6 
The rising velocity corresponds to the 
flow of treated water alone. Solids load- 


ing is calculated on the total through- 
flow. 









However, the preceding values must 
sometimes be considerably reduced with 
a sludge that settles poorly. Sludge vol- 
ume load (see page 642) is then quite 
often representative of the spatial sludge 
load of the clarifier. In the case of sludge 
bulking with SVI’s of 300 or 400 ml.g™ 
and for concentrations of 1 to 2 g.l, the 
rising velocity must be adjusted to sev- 
eral dozen cm.h™. 


Other elements, inherent in the very 
design of the clarifier, are important for 
the results of clarification: the means of 
collection of the treated water, weir 
loading rate (which normally should not 
exceed 15 m°/h.m). 


The depth of the structure is one of 
the main sizing parameters. It must be 
sufficient to give the sludge the required 
time to thicken and, at the same time, 
to allow the inevitable fluctuations of 
the sludge blanket due to variations in 
hydraulic operating conditions. 


A 3m minimum straight tank 
height is recommended for circular units 
having a small diameter. It may be 4 to 
5m for units of large diameter (40 to 
50 m). The maximum admissible rising 
velocities in practice are highly depend- 





ent on this height when the sludge vol- 
ume is considerable. 

The recycle rate, which determines 
the concentration of suspended solids of 
the recycled sludge, governs the volume 
occupied and the retention time of the 
sludge in the clarifier. If it is insufficient, 
the volume of sludge stored is too great: 
the top sludge level nears the collecting 
weirs and the water quality deteriorates. 
This results in a risk of anaerobic condi- 
tions and, in some cases, denitrification, 
with the activated sludge rising to the sur- 
face. If it is excessive, the clarification 
may be disturbed by the excess hydraulic 
energy introduced. For MWW activated 
sludge with proper settleability, a recycle 
rate adjustable from 50 to 100% of the 
average flow is satisfactory. For sludge 
that is very difficult to settle, a rate of 
200% may be necessary. 





Figure 372. Valenton plant, France, for the SIAAP. Flow: 300,000 m’.d". Biological purification of Paris 


MWW by activated sludge. 4 clarifiers 52 m dia. 


1. Activated sludge 


The effectiveness of a clarifier also de- 
pends on its shape. The best results are 
obtained by vertical flow settling imple- 
mented in deep units with a highly slop- 
ing bottom (at least 50° to horizontal) but 
the construction of such units, of limited 
diameter, is expensive. Units with large 
surfaces have slightly sloping bottoms and 
are often equipped with bridge or flight 
scrapers pushing the sludge into pits 
whence it is recovered for recycling and re- 
moval of the excess fraction. However, 
mechanical scraping is not the most ap- 
propriate method for sludge that is often 
light and flocculent. 

A more effective sludge recovery system 
is that of “suction settling tanks” (see 
page 652). It allows: 

- high recycle flow without creating 
excessive sludge velocities at the bottom 
of the unit, 
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— a more orderly recovery of the sludge 
over the entire surface of the floor, avoid- 
ing excessively long sludge retention times 
in the clarifier. 


The risk of degradation of the sludge is 
considerably reduced. This arrangement 1s 
absolutely necessary for large-sized tanks 
operating under difficult circumstances 
(hot countries, poor settleability of 
sludge). The draught tubes are mounted 
on a movable bridge (rotating or trav- 
elling back and forth); each one is con- 
nected with a short scraper sweeping the 
adjacent surface. 


Degrémont largely developed the tech- 
nology of these suction settling tanks. 


The sizing of an activated sludge treat- 
ment plant depends equally on the aer- 
ation unit, the clarification unit and its 
recycling system. Sizing of these elements 
is interdependent. For example, making 
the clarifier large will make it possible to 


14. 
AERATION SYSTEMS 


1.4.1. Efficiency criteria and 
comparison of aeration systems 


Aeration systems in an activated sludge 
tank have a dual purpose: 
— to provide the aerobic microorganisms 
with the oxygen they need, generally tak- 
en from the air, 
— to cause sufficient homogenization and 
mixing so as to ensure close contact be- 
tween the live medium, the polluting ele- 
ments and the water thus oxygenated. 





accommodate greater concentrations of 
activated sludge and, consequently, short- 
er retention times in the biological reac- 
tor. Figure 373 shows that there is a min- 
imum total volume for a set purification 
efficiency. This minimum does not neces- 
sarily correspond to the economic opti- 
mum. 


unit volume 


Clarifier 


Reactor 


concentration of activated sludge 


Figure 373. Variation of unit volume in an acti- 
vated sludge system for a given purification effi- 
ciency. 


These systems usually consist of an 
apparatus or a group of apparatus placed 
in a tank of determined volume and 
shape, accomplishing these two functions 
simultaneously. 


1.4.1.1. Oxygenation capacity under 
standard conditions (OX.CAP.) 


This basic criterion (OX.CAP.) makes 
it possible to determine the oxygenation 
capabilities of an aeration system. 


It represents the oxygen mass that can 
be transferred by the system, per hour per 
cubic metre of tank, into fully deoxy- 
genated water, (i.e, under maximum 
transfer conditions). 


(OX.CAP.) = Kia.Cs (O2 in kg/h.m? of tank) 


1. Activated sludge 


- Kira in h" is the overall transfer coeffi- 
cient and characterizes the oxygen transfer 
from the gas phase (air) to the liquid 
phase (water) (see page 277), 

- Cs in kg.m” is the oxygen saturation 
concentration in the water. 


Typically, the system’s oxygenation 
capacity should be established and mon- 
itored under the effective conditions of 
use in the activated sludge; however, un- 
der these circumstances, measurements 
-are quite difficult and liable to be erro- 
neous; this is why it is generally preferred 
to evaluate a system’s effectiveness in 
clean water and at standard conditions, 
EES 
— at a temperature of 10°C (20°C in 
some English-speaking countries), 

— under the normal atmospheric pressure 
of 1,013 mbar (i.e., 10.33 m WC), 

— at a constant dissolved oxygen concen- 
tration of 0 mg". 


To convert the test values in clean 
water to the values in standard conditions, 
it is necessary to apply several correction 
factors depending: 

— on water temperature, 
— on absolute pressure at the measuring 
site, sum of the atmospheric pressure and 
the average relative water pressure Hm at 
this site (Hm = H x Z). 


H is total water depth. The relative 
pressure coefficient Z, which is a charac- 
teristic of the aerator/tank combination, 
can be summarily evaluated for HS 
4m, but must be subjected to a more 
elaborate evaluation for greater water 
depth. Finally, the total correction for 
conversion into standard conditions 1s 
written: 


(OX.CAP.)n = (OX.CAP.)m . Tn 





where: 


C, (10°C) x 10.33 + Hm 
@ Patm + Hm 


Th = soi 02408 4° 


(OX.CAP.)n and m = under standard con- 
ditions and in measured conditions in 
clean water, respectively, 

T, = total correction coefficient, 

C.(10°C) and (t) = values of oxygen sat- 
uration at the absolute pressure of 
10.33 m of water, at 10°C and at the 
test temperature of the water, respec- 
tively, 

Patm = atmospheric pressure at the 
measuring conditions, in m of water, 

t = temperature in °C of the water at the 
measuring conditions. 


1.4.1.2. Performance criteria 


If the standard oxygenation capacity is 
known, several criteria can be determined, 
helping to choose and/or to compare aer- 
ation systems: 

- hourly oxygen transfer capacity, rel- 
ative to the entire tank: 

AH = (OX.CAP.) x V in kg.h™ of dis- 
solved oxygen, 

where V = volume of the tank in m’, 

- specific oxygen transfer capacity, 
representing the quantity of oxygen trans- 
ferred per unit of energy consumed: 


E(OX. CAP XV 


in kg dissolved O2/kWh gross or net, 

where PA = power of the aerator in estab- 
lished condition in kW (motor input 
power or actual power at the rotor shaft), 
- oxygen transfer efficiency, which 1s 
the percentage of the mass of actually dis- 
solved oxygen compared to the mass of 
oxygen introduced, in a compressed air 
system. It can be calculated by adopting a 
mass of oxygen of 0.3 kg.Nm” of air: 
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_ (OX.CAP,) x V x 100 
ie 03xQ 


with Q = flow of air in Nm’.h". 


The aerator/tank combination is insep- 
arable and any performance of an aeration 
system must be linked to the complete 
definition of the combination. For exam- 
ple, it is known that oxygenation per- 
formance can be increased under excep- 
tional circumstances: considerable specific 
power (per m’ of tank) for surface aer- 
ators, or low air flow for fine bubble sys- 
tems. 


1.4.1.3. Converting standard condi- 
tions into actual conditions 


Comparing aerators in clean water is 
not truly representative of the perform- 
ance recorded in actual conditions in the 
liquor. As a matter of fact, oxygen trans- 
fer can be greatly influenced by installa- 
tion conditions, the nature of the waste- 
water and the quality of the sludge, and 
hydraulic and biological operating condi- 
tions. 

Under current conditions, it is custom- 
ary to use a correction coefficient T to be 
applied to the above defined criteria, to 
convert standard conditions to actual con- 
ditions: 


Actual conditions 
= standard conditions x T, 


where coefficient T is itself the product of 
three secondary coefficients T,, Ta, T:. 


e I): oxygen transfer correction 
coefficient (pure water-liquor 
equivalence), often called @ in English, 
depends on the nature of the water and, 
in particular, on its concentration of sur- 


face-active agents, fats, suspended solids, 
etc., on the aeration system itself and on 
the shape of the tank. 


e Ta: oxygen deficit coefficient. 

The oxygen transfer capacity is propor- 
tional to the oxygen deficit C, - GC. 

C.: oxygen saturation under actual condi- 
tions: salinity, atmospheric pressure, tem- 
perature, etc. 

C,: oxygen content of the liquor. 

Under standard conditions (at 10°C), 
C, is constant and equal to 11.25 mg.I", 
and C, is zero. C 

= 


Tq is thus equal to 11.25 


C, is affected by: 
— salinity of the water: the multiplying 
correction factor to be used is equal to: 
475 - 2.65 § 
475 

where S is the salinity in g.l’, 

— temperature (see page 509). The sat- 
uration concentration drops when the 
temperature rises, 

— atmospheric pressure (generally only 
the effects of elevation are taken into ac- 
count). 

C, is usually taken as between 1 and 
2 mg". 

e I: transfer rate coefficient. 

A rise in temperature increases the gas- 
liquid transfer rate: the correction is equal 
to T, = 1.024°"° where t is expressed in 
G 

It is noted that, while the coefficients 
Ta and T, are independent of the aeration 
system, the transfer coefficient T, defi- 
nitely is not. For this reason, the ox- 
ygenation capabilities of the various aer- 
ation devices do not vary in the same way 
when converting standard conditions into 
actual conditions, and the comparison, to 
be objective, should be made in the latter 
conditions, unfortunately this requires 
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that T, be known, and its precise defini- 
tion requires delicate measurements car- 
ried out in a pilot biological treatment 
unit fed with the wastewater being stud- 


ied. 


The coefficient T, can be considerably 
lower in the case of fine bubble diffusion 
of air than in the case of coarse bubble 
diffusion or of surface aeration, partic- 
ularly due to the influence of the surface- 
active detergents. 


The method explained above of con- 
verting standard conditions into actual 
conditions is suitable, where the oxygen 
transfer efficiencies are not too high (up 
to 25%, for example) and the water 
depths are moderate (up to 5 m), but it 1s 
not applicable for high performance aer- 
ation systems and for great depths, 
because it does not take the gradual 
reduction of the oxygen content of the air 
bubbles into account, which may then 
become considerable causing a reduction 
in the transfer coefficient. 


As the actual performance in liquor is 
generally less than that at standard condi- 
tions, the oxygen impoverishment of the 
air bubbles is lower and, for this reason, 
the effect of reduction of the transfer coef- 
ficient due to this impoverishment is less. 
Failure to take this parameter into ac- 
count thus leads to an underestimation of 
performance in actual conditions in liq- 
uor, all the more pronounced as the usual 
coefficient T, of the system deviates from 
1h 


Determining with sufficient accuracy 
the actual aeration performance in liquor 
in a deep tank requires a fairly complex 
method, with various undetermined 
points requiring iteration. Degrémont 


uses a special computer program, per- 
fected with the help of oxygenation tests 
used as models, carried out in up to 25 m 
submergence and reaching efficiencies in 
the 85% range. 


1.4.1.4. Other comparison criteria 


The comparison also involves other 
supplementary criteria which are not eas- 
ily calculable and can only be qualitatively 
evaluated: 

— mixing, which should allow sweeping 
velocities sufficient to avoid deposits and 
to ensure successful homogenization, etc., 
— the constant nature of the specific ox- 
ygen transfer capacity in the various oper- 
ational modes, 

— the reliability of all the components 
such as reducer, compressor, diffuser, con- 
duits, etc. 


It is of little use if, for example, an aer- 
ator has excellent oxygenation capabilities 
at the cost of insufficient hydraulic mix- 
ing or a risk of clogging, which results in a 
drop in oxygenation capacity and the pro- 
duction of anaerobic deposits in the tank. 


1.4,2. Surface aerators 


1.4.2.1. Different types of aerator 


Surface aerators are divided into three 
groups. 

The two most important ones are low 
speed aerators: 
- vertical axis type, which take in 
water either through a draught tube or 
not, then spray it laterally into the air, 
- horizontal axis type (roller or brush), 
which sweep the water with a submerged 
portion of the blades and spray it down- 
stream. 
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The third group comprises high 
speed, vertical axis aerators driven 
directly by an electric motor at 750 or 
1,500 rpm without an intermediate 
reducer. The impeller, generally placed in- 
side a short tube, is of small diameter. 
The mechanical assembly is often sup- 
ported by one or more floats, so as to be 
easily placed on the water and to provide 
considerable mobility. This type of aerator 
has the advantage of being inexpensive, 
but it consumes large amounts of energy 
(specific oxygen transfer capacity rarely 
exceeds 1.4 kg/kWh net) and has a low 
mixing capacity. It is better suited for 
lagoons than for activated sludge tanks, 
where deposits must be avoided. These 
units are produced for a power range of 2 
to 50 kW or more. 


1.4.2.2. Vertical axis, low speed _aer- 
ators. The Actirotors 


This type of unit is as old as the acti- 
vated sludge process itself (Manchester 


1916). 
The advantages of these aerators are: 
- simplicity of installation and use, 
— their energy consumption, 
— their mixing capabilities. 


They are still very widely used despite 
their relative lack of flexibility of use (par- 
ticularly if the number of units in the 
tank is low) and certain risks of nuisance 
(aerosols, noise). These nuisances can be 
avoided by judicious covering of the 
spray, and by soundproofing the drive 
assembly, 


The sequencing of operation by PLC 
(see page 1143), a constraint often neces- 
sary to adjust the oxygenation to the 


demands, may promote partial denitrifi- 
cation. 


Actirotors are vertical surface aerators 
developed by Degrémont. Several thou- 
sand are in operation. 


(a) The impeller and shaft 

The impeller of the Actirotor (Figure 
374) is of the completely open type, 
which eliminates any possibility of clog- 
ging or packing. It includes a closed, 
hollow hub on which thin, streamlined 
pumping blades and blades for dis- 
persing the spray are attached. 


This balanced impeller is supported 
and driven by a tubular shaft, fastened 
on a high output drive assembly calcu- 
lated, according to AGMA standards, 
for a service life of over 80,000 hours in 
conditions of intensive use. 


The peripheral velocity of the 
impeller, at full power, varies according 
to models between 4 and 4.5 m.s”, ie., 
rotation speeds from the 100 rpm range 
for small units to 40 rpm for large mod- 
els (75 kW). Operation at limited 
power can be obtained by a two-speed 
or variable speed motor (1). 


(b) Installation 

The assembly is often mounted on 
fixed support: a walkway or, even bet- 
ter, a circular platform surrounded by a 
semi-rigid, anti-aerosol, anti-noise skirt, 
flush with the liquid level (Figure 375). 


(1) Another method of regulating the input power 
and thus the oxygen transfer capacity which is some- 
times used consists in adapting the submergence of the 
aerator by variations in the liquid level. This arrange- 
ment has the disadvantage of a very low mixing capac- 
ity at limited submergence and hydraulic surges on the 
clarifier if the water level variations are rapid. 





Floating assembly 


Figure 374, Actirotor surface aerator. 





Figure 375. 75 kW R 8020 Actirotor installed on a 
reinforced concrete walkway. 
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1 - Motor. 
2 - Coupling 
3 - Reducer. 


4 - Coupling sleeve. 
5 - Transmission shaft. 
6 - Turbine. 


An assembly on stabilized, floating 
equipment (with the space between the 
three ballasted floats calculated so as not 
to slow down the circulation flow caused 
by the aerator), maintained in position by 
guide cables or an articulated arm, can 
allow great variations in the liquid level 
while keeping the impeller fairly con- 
stantly submerged. 

In the case of a low rate tank, an inno- 
vative arrangement — Manege type (Fig- 
ure 376) —- allowing the aerator to move 
by itself on the structure, can ensure effec- 
tive mixing despite a low overall specific 
power. This solution is also advantageous 
in aerated lagoons. 
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Figure 376. Maneége type Actirotor. 


(c) Power 

The power absorbed at the shaft of 
the impeller of the Actirotor is of the 
form P = K x Np x D’ x N", where D is 
the diameter of the impeller, N the rpm, 
Np a power factor depending on the 
geometry of the impeller and its sub- 
mergence. The exponent n of the velocity 
equals approximately 2.7 in normal con- 
ditions of use. 


As any surface aerator, the Actirotor 
takes full power at startup; the power at 
steady speed is lower because the adjacent 
liquid mass is put into rotation, with the 
drop being all the greater: 


— if the tank is “flat” (high surface/depth 
ratio), 


— if the specific power is greater (circular 
tanks usually require anti-rotation baf- 


fles). 


Chap. 11: Aerobic biological processes 








(d) Nominal specific oxygen trans- 
fer capacity 

The nominal specific oxygen transfer 
capacity of the Actirotors varies from 1.8 tc 
2.3 kg/kWh net (mechanical energy meas- 
ured on the shaft of the aerator) according 
to the conditions of installation and use. 

For a given aerator/tank combination, 
this value can be influenced by several 
factors, in particular: 
— specific power (ie., , the power con- 
sumed, expressed per m? of tank volume): 
a typical et power is in the 40 W.m? 
range. Up to a maximum in the 
100 W.m™ range, its increase tends to 
increase the specific oxygen transfer capac- 
ity, 
— the surface/depth ratio of the tank: the 
optimal specific oxygen transfer capacity 
is generally obtained when the side of the 
square (or the diameter) is 2 to 2.5 times 
the water depth. 


1. Activated sludge 


(e) Actual oxygen transfer capacity 
For mainly domestic wastewater, the 
correction coefficient T for conversion into 
actual conditions is generally good, with 
the oxygen transfer correction coefficient 
T, being near 1. 
(f) Mixing 
The mixing effect must ensure that the 
sludge is kept suspended and that the mix- 
ture is homogeneous, but it must also pro- 
duce floor sweeping velocities (in the 0.2 to 
0.3 m.s” range depending on the quality of 
_the sludge) avoiding deposits, which is 
often the determining requirement. 
The mixing effect is influenced by two 
main parameters. 
— specific power: which must be in the 
30 to 40 W.m” range for activated sludge 
of domestic wastewaters; mainly indus- 
trial effluents may require greater power 
(according to the viscosity of the intersti- 
tial liquid and the nature of the SS), to be 
determined on a case by case basis, 


— the gyration radius of the tank — by 
analogy with channel flow, gyration 
radius is defined as the ratio of the vol- 
ume to the wetted surface. When the 
gyration radius increases, mixing 
improves. 


Certain types of aerators must be 
equipped with a draught tube. Due to 
their considerable pumping capacity, 
Actirotors do not require this accessory, 
except in special cases. 


1.4.2.3. Horizontal axis, low speed 


aerators. The Rolloxes 


These units are similar to the vertical 
aerators in their simultaneous functions of 
oxygenation by aerial spray and mixing 
by moving the liquid mass. They are 
intended for moderately deep, closed loop 
aeration basins (ditches) in which they 
cause a horizontal flow. 





Figure 377. Reims plant, France. 5,250 m’.h"' Biological purification of MWW by activated sludge. 2 
tanks each 3,750 m? and equipped with six 37 kW R 6016 Actitotors. 
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Figure 378. The Rollox. 


I — Rotor. 


2 — Drive motor-reducer assembly. 


3 - Bearings. 


4 - Walkway chassis. 


(a) Rotor body 

The rotor of the Rollox is made up of a 
horizontal cylinder (diameter: 700 or 
900 mm) on which is welded a series of 
long, thin blades sloping in herring-bone 
pattern; their arrangement ensures a con- 
stant, submerged, total blade surface dur- 
ing rotation, causing balanced operation 
without variation that would be harmful 
to the drive assembly (Figure 378). 

The oxygenation rotor is supported by 
two heavy-duty, watertight end bearings 














5 — Protective screen. 
6 - Hood. 
7 — Baffle. 


protected by an anti-splash casing. This 
arrangement guarantees the bearings’ ser- 
vice life. 

The high output drive assembly is cal- 
culated according to AGMA standards for 
a useful life of over 80,000 h in condi- 
tions of intensive use. 

The Rollox is generally produced as a 
monobloc assembly, with the skeleton 
supporting the oxygenation rotor also 
serving as the access walkway; hoods up- 
stream and downstream of the rotor 





ensure considerable reduction of noise and 
aerosol formation. Downstream, a sub- 
merged, inclined baffle promotes the 
entrainment of bubbles into the liquid 
mass. 


(b) Power 

Rolloxes are manufactured 
ranges: 
— Rollox 700 (net power: 3 kW per m of 
roller length) up to 18 kW net, 
— Rollox 900 (net power: 4kW per m of 
roller length) up to 34 kW net. 


in two 


(c) Specific oxygen transfer capacity 

Nominal oxygen transfer capacity varies 
from 1.7 to 2.2 kg per kWh net according 
to conditions of installation and use. 

As for vertical axis aerators, the oxygen 
transfer correction coefficient T, is close to 
1 with domestic waste. 


(d) Mixing 
The principle of the rotor ensures a 


we 


1. Activated sludge 





high pumping capacity under typical 
installation conditions. On MWW, a Spe- 
cific power in the range of 30 W.m”® of 
ditch makes it possible to ensure a sludge 
circulation velocity greater than 0.5 m.s- 


1.4.3, Aeration by compressed air 


Aeration by compressed air consists in 
blowing air into the liquid mass at depths 
varying from 1m to sometimes more 
than 10 m. The devices used are divided 
into three major groups based on the size 
of the bubbles produced: 

— coarse bubbles (dia. > 6 mm): vertical 
tubes, large orifice diffusers, 

— medium bubbles (dia. 4 to 5 mm): 
various diffusers make it possible to 
reduce the dimension of the bubbles 
released: valves, small orifices, etc, 

- fine bubbles: diffusion of air through 
porous material or finely perforated elastic 
membranes. 





Figure 379. Rollox type 740 installed in an oxidation ditch. 
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Figure 380. Linear and floor arrangement. 


1.4.3.1. Oxygen transfer efficiency 


The nominal oxygen transfer efficiency 
of a given system in clean water varies 
with the depth at which air is injected 
(approximately linear between about 2.5 
and 8 m). Depending on the nature of the 
diffusers and the conditions of installation 
and use, when air is injected at 4 m depth 
(with water depth in the same range), this 
standard efficiency varies from: 


— coarse bubbles: 4 to 6%, 
— medium bubbles: 5 to 10%, 
— fine bubbles: 15 to 30%, 


These considerable differences under 
standard conditions are reduced under 
actual conditions, with the oxygen trans- 
fer correction coefficient T, generally 
lower for fine bubbles: 

— coarse and medium bubbles: T, var- 
ying from approx. 0.8 to 1.0, 

- fine bubbles: T, varying from approx. 
0.5 to 0.7 (MWW). 


Nevertheless, the net energy gain of the 





fine bubbles remains considerable and 
generally justifies using them, despite a 
higher installation cost. 


The oxygenation efficiency of a given 
system is influenced by several factors: 


— the nature of the diffusers and theii 
depth of submergence, 


— the specific power output in relation to 
the flow of air injected: in coarse and 
medium bubble systems, increasing the 
flow generally translates into a higher effi- 
ciency (increase in turbulence); in fine 
bubble systems, the efficiency rather tends 


to decrease (greater coalescence of the 
bubbles), 


- the hydraulic flow pattern caused by 
the arrangement of the diffusers (see also 
mixing). Oxygenation efficiency is gener- 
ally optimal in the floor arrangement due 
to a very good distribution and a maxi- 
mum retention time of the bubbles in the 
liquid mass, 


— the tank cross-sectional area. 





1.4.3.2. Mixing 


e Linear arrangement: the air lift 
effect created by the concentration of the 
air in a limited zone causes gyration (or 
spiral flow) of the liquid mass. This ar- 
rangement creates a considerable floor 
sweeping velocity (Figure 380). 


e Floor arrangement: this arrange- 
ment is particularly well adapted to deep 
tanks (Figure 380). 


In general, for equal specific powers, 
the mixing of an aeration tank is more 
effective with a compressed air system 
than with a surface aerator, provided: 

— that the air diffusion level is near 
enough the floor, particularly in the floor 
arrangement, 

- that the liquid surface/depth ratio in 
the linear (or point-wise) arrangement is 
maintained within acceptable limits. 
There is an optimal ratio for each system. 


For activated sludge treating MWW, 
the required mixing power is ensured for 
aeration rates varying from 4 to 
8 Nm?.h" of air per m’ of liquid surface 
in the tank. 


1. Activated sludge 


1.4.3.3. Porous disc DP 230 


This is the reference as regards fine 
bubbles, and is the result of 50 years of 
experience in the field of porous diffusers 
of mineral composition. The disc (Figures 
381 and 382) is composed of grains of ar- 
tificial corundum (alpha alumina), 
bonded by a high-temperature vitrified 
ceramic binder; the grain size chosen 
ensures a good compromise between a 
sufficiently high oxygenation efficiency 
and operational durability (very gradual 
plugging) in continuous use. The material 
successfully resists most concentrated, 
aggressive chemical products. 

The discs, attached on PVC or stainless 
steel supports, are mounted on submerged 
feed pipes grouped in a line or spread over 
the bottom of the tank. 

The discs, generally installed in tanks 3 
to 8 m in depth, ensure a high nominal 
oxygenation efficiency in the 20 to 25% 
range with a 4 m depth. The head loss of 
the diffuser (porous disc + equal distribu- 
tion orifice) is in the 0.03 (new disc) to 
0.06 (clogged disc to be regenerated) bar 
range under normal conditions in use. 
The injected air must be suitably filtered 





Figure 381. Aeration tank with porous discs. 


Figure 382. Porous disc in use. 
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beforehand (dust content < 15 mg for 
1,000 Nm’). 

The risk of clogging by the sludge is 
related to the frequency of interruption of 
aeration (which must be minimized). In 
the case of particularly scale-forming 
water (calcium carbonate or sulphate), a 
system for sequential feeding of dilute 
(hydrochloric or formic) acid in the 
injected air makes it possible to avoid the 
risk of mineral clogging. 

With these operational precautions, 
porous systems can generally ensure 10 
years or more of continuous use; after this 
period the discs can be regenerated by 
refiring. 
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1.4.3.4. Vibrair diffusers 


These are medium bubble air diffusers 
particularly adapted to a linear arrange- 
ment. 

The Vibrair consists of a molded poly- 
ethylene body on which is located an inte- 
gral vibrating valve; the valve includes a 
rod crossing the air distribution orifice of 
the body; the constant movements of the 
rod in the orifice prevents it from clog- 
ging. This innovative arrangement allows 
a low unit air flow and thus a great num- 
ber of points of introduction in the liquid 
mass, which promotes the oxygenation 
efficiency and mixing. 


Oxygen transfer efficiency in g 0, / h.m?® of tank 





Figure 383. Efficiency curves. DP 230 type porous disc. 








Figure 384. Vibrair diffusers. 


Two models (Figure 384) allow unit 
flows of from 1 to 3 Nm’*h"' and 2 to 
10 N m’h‘™, with a distribution head loss 
in the 0.02 bar range. 

The nominal oxygen transfer efficiency 
of the Vibrairs is 8 to 12% at 4m sub- 
mergence. Their simplicity (coarse fil- 
tration of air) and their operating safety 
make them particularly well suited to 
small and medium installations. They 
allow discontinuous operation of the air 
feed system. 


1. Activated sludge 





4 -— Calibrated ort- 
2 - Flow inversion bell. fice. 


1 - Air lift tube. 
3 - Feed pipe. 5 - Fixed legs. 


Figure 386. Diagram of a Dipair. 
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1.4.3.5. Dipair diffusers 


Dipairs are submerged static aerators 
specially adapted to a floor arrangement 
in a deep tank (Figure 386). 

The aerator is basically comprised of: 
— an air lift tube (1) completely open in- 
side, located directly above a large diame- 
ter orifice (4) (dia. = 15 mm) arranged 
below the common feed pipe (3), 

— an upper bell (2) covering the tube and 
ensuring an intense turbulence with 
inversion of the emulsified flow direction. 


As a static unit, the Dipair has no risk 
of wearing out. Built from polypropylene 
and stainless steel, it has high resistance to 
corrosion. 


Figure 387. Tarascon facility in southern France for 
Cellulose du Rhéne. Flow: 36,000 m’.d'. Deep 
aeration tank with Dipatrs. 


e Air flow: the air flow per aerator is 
variable between 30 and 60Nm*h", 
with a head loss of approx. 0.03 bar at 
full flow (in the calibrated orifice). 


e Oxygen transfer efficiency: for an 
8 m deep tank the nominal oxygen trans- 
fer efficiency in clean water varies from 22 
to 26% according to the specific power in 
the tank. In actual conditions, the oxygen 
transfer correction coefficient T, can be 
taken equal to 0.9. 


e Mixing: the flow pumped by aeration, 
at its full air flow, is approx. 150 m*.h”. 
The flow induced is several times greater. 


1.4.3.6. Flexible membrane diffusers 


e Oxazur diffuser 

These are medium bubble air diffusers 
particularly suited to floor arrangement 
and developed for attached growth reac- 
tors with granular beds (Figure 388). 


The air diffusion is effected by an ori- 
fice about 1 mm in diameter. This orifice 
is made through a flexible molded elastic 
membrane made of special elastomer 
housed in a polypropylene body. 





Figure 388. 


Oxazur diffuser. 


1. Activated sludge 


The air flow per diffuser is about 1 to 
2 Nm?h” for a head loss in the 0.05 bar 
range. The nominal oxygenation efficiency 
of an Oxazur system, promoted by the very 
good distribution of the air in the granular 
mass, is 10 to 15% at 4 m submergence. 





Figure 389. Flexazur diffuser. 





e Flexazur diffuser 

In this tube-shaped diffuser (Figure 
389), diffusion of the air in fine bubbles 
is achieved by a thin, flexible, elastic 
membrane perforated with numerous 
small diameter orifices (in the 0.2 mm 
range). 

The innovative perforation method 
makes it possible to obtain a good oxygen 
transfer efficiency and a low head loss. 

The nominal oxygen transfer efficiency 
of the Flexazur is 25 to 30% at 4 m sub- 
mergence, with a head loss (diffusion + 
distribution) of between 0.03 and 
0.05 bar. 


1.4.4, Mixed aeration - Separate 
aeration/mixing operations 


Separation of the two operations makes 
it possible to maintain effective mixing 
despite a possibly low or zero air flow: 

— air supply can be limited to the ox- 
ygenation needs alone, 








Figure 390. Palo Alto plant (California, USA). Aeration tank equipped with Vortimix aerators, for treating 
MWW. 
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— sequential stops of the aeration can 
ensure periods of anoxic conditions (for 
denitrification) while preserving the 
homogeneity of the mixture. 


The possibility of a high hydraulic effi- 
ciency of the impeller ensures a good over- 
all energy efficiency. 


1.4.4.1. Vortimix vertical flow aerator 


This unit consists of: 
— a vertical axis mechanical rotor with 
submerged, low speed (constant or adjust- 
able) turbine creating a downflow, 
— a device for compressed air injection 
under the impeller. 


The total energy consumption is in the 
same range as that of a low speed surface 
aerator; it can become lower when mixing 
problems are prevalent. 


This type of equipment is particulary 
suited to cold regions and/or when aero- 
sols must be avoided. 


e Rotor power: 10 to 100 kW net 
range. 


e Air and oxygen transfer effi- 
ciency 

— Volume of air dispersed: 30 Nm’ per 
net kWh at the turbine, 1.e., a range of air 
flows of from 300 to 3,000 Nm*.h™, at a 


pressure of between 0.25 and 0.5 bar. 


according to the depth at which air is 
injected, 

—- Nominal oxygen transfer efficiency in 
clean water varying from 30% at full load 
to 45% at low air flow with the air 
sparger submerged at 3 m and a liquid 
depth of 5 m. 


e Mixing 
In MWW treatment, mixing requires a 
specific power (developed by the turbine) 


of from 15 to 30 W.m° with air injection 
and 5 to 10 W.m” without air. 


1.4.4.2. Air injection and the horizon- 
tal brush type aerator 


It is possible to connect one (or more) 
horizontal aerators with low speed impel- 
lers and air diffusers in a closed loop ditch 
(see page 720). 


A brush of high hydraulic efficiency 
can ensure a sufficient circulation velocity 
with a specific power in the range of 2 to 
5 W.m™ of tank. 


Proper dispersion of the bubbles, pro- 
moted by the horizontal liquid flow, can 
ensure a good overall energy efficiency, 
often better than that obtained with dif- 
fusers alone. 


1.4.4.3. Mixers - Aerators (Jet type aer- 
ators) 


These units, generally submerged in 
the tank, include a hydraulic pumping 
rotor (featuring high speed with direct 
drive by electric motor) directly drawing 
in atmospheric air and releasing it in fine 
bubbles in the pumped flow. 


The advantage of their simplicity car- 
ries the disadvantage of an energy effi- 
ciency which is usually low: the nominal 
specific oxygen transfer capacity is often 
lower than 1 kg per kWh, due to limited 
air suction capacity. 


1.4.5. Use of pure oxygen 


1.4.5.1. Applications 
Pure oxygen, in a closed reactor, can be 
used in several cases: 


e Activated sludge units with con- 
tinuous operation in an oxygen 
environment 


1. Activated sludge 


- Covered biological treatment works 
located in sensitive environments (deodor- 
izing necessary). 

- Treatment of concentrated IWW con- 
taining primarily biodegradable pollution. 


e Activated sludge units with var- 
iable loading 

For example, units in tourist areas with 
oxygen demands in peak season far great- 
er than the yearly average (conventional 
aeration tank with seasonal “doping” with 
pure O2). 


e Forced pre-oxygenation of 
wastewater or liquors 

— For the purpose of preventing odours 
(case of injection into pipe systems under 
pressure), 

— or for the purpose of oxygen enrich- 
ment before treatment by biological fil- 
tration in closed pressure vessels (see page 


739); 


1.4.5.2. Advantages 


- As a result of the very high partial 
pressure of oxygen, oxygenation capacities 





a! 





Pe 


Figure 391. Leykam plant, Austria. Treatment of paper 


vated sludge reactor. 


are available that are several times greater 
than those available with atmospheric air 
alone; hence the ability to satisfy the 
demands of more concentrated activated 
sludge subjected to greater BOD loadings. 
A certain reduction in the volume of the 
biological reactors is thus possible. 


- Due to the low volume of gas used for 
oxygenation, the possible deodorizing unit 
for the closed reactors is sized considerably 
smaller. 


1.4.5.3. Use 


e Activated sludge reactors 

The most common use of an oxygen- 
enriched gas is that of closed tanks in 
which the air space above the liquor is 
maintained at a high partial pressure of 
oxygen. 

However, purifying highly concentrated 
waste, by means of pure oxygen and in 
closed tanks, has the disadvantage of 
slowing down the evacuation of the free 
CO? produced by bacterial respiration. 


aa 


mill effluents. Flow; 856 m’.h”'. Pure oxygen acti- 
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To limit the production of this gas, 
the alkalinity of the liquor is increased 
or air stripping is practised. This is why 
the adoption of the Degrémont system 
in two steps (oxygen followed by air) is 
often advantageous. The use of pure ox- 
ygen in the first cells of the reactor 
makes it possible to limit energy con- 
sumption and the size of the plant for 
the removal of most of the pollution. 
The use of air in the last cells makes it 
possible to remove the free CO and 
reduce the phenomena of degassing and 
foaming in the clarifier. It helps in 
removing the residual pollution and 
ensures nitrification where applicable. 


In order to limit the losses as much 
as possible, the Oz reactor generally 
comprises several cells crossed by the 
gaseous mixture in succession. The rate 
of oxygen use in the reactor is near 90%. 


The inlet of pure oxygen is normally 
controlled by the pressure in the atmo- 
sphere of the reactor. For safety, the lat- 
ter is equipped with a detector of hydro- 
carbons in the air space. 


e Separator 

The separation of the activated sludge 
is, in general, carried out in a settling 
tank, with the removal of the highly con- 
centrated sludge normally allowing a 
lower recycle rate than in the case of 
standard aeration. 

In certain cases, if an appreciable loss 
of SS is acceptable in the treated water 
(for example, pretreatment of a highly 
concentrated waste prior to discharge to 
a municipal plant), separation by dis- 
solved air flotation makes it possible to 
reach an optimal concentration of the 


sludge in the reactor straightaway. 


e Oxygenation and mixing devices 

The surface aerators are of the low 
speed type, made of stainless steel, with 
the drive assembly located outside and a 
hydraulic seal. 


In the case of considerable load var- 
iations, systems that separate the ox- 
ygenation and mixing operations and 
make it possible to ensure mixing with 
very low energy consumption are recom- 
mended. 


For small units, the use of open tanks 
and primary negative pressure systems (in 
which the gas is introduced at low pres- 
sure at the throat of an ejector through 
which the contents of the tank are recy- 
cled) makes it possible to considerably 
reduce investments. 


1.4.5.4. Production of oxygen 


The most favourable case is by far the 
one in which the pure oxygen is available 
in an oxygen duct running nearby and 
coming from a steelworks or a large inde- 
pendent production unit. 


If this is not the case, in small plants, 
the oxygen is supplied in liquid form and 
stored in insulated containers equipped 
with evaporators. 


For larger plants, two technologies are 
possible: that of molecular sieves (Pressure 
Swing Adsorber or PSA) up to capacities 
of 30 td“, or that of cryogenic stations 
starting from 10/20 td’. Generally, the 
gas produced has a purity level of 95 to 
99% Od. 


1. Activated sludge 


Bo. 
PACKAGE UNITS 


1.5.1. General 


The most common arrangement of ac- 
tivated sludge treatment plant is that of 
separate units. The aeration tanks are 
connected to the clarifiers by channels or 
conduits with possible deaerating units in 
between; the sludge recycling equipment 
is located outside the clarifiers or is inte- 
grated with them. This design allows a 
large variety of plant possibilities and is 
highly adaptable to local construction 
norms as well as to the constraints 
imposed by the nature of the terrain or 
the water table. However, it leads to a 
greater land use than with the package 
units. 


These package activated sludge plants 
are standardized. They make it possible 
to treat MWW in a range of several 
hundred to approximately 20,000 users, 
on an extended aeration basis, and beyond 
that with medium loading. 


They unite the aeration and settling 
phases in a single structure. They simplify 
the hydraulic systems and ease of access. 
The aesthetics of the units are improved 
and it is easier to cover them. 


The pretreatment of raw water com- 
prises automatic screening, grit and grease 
removal, with automatic storage of the 
residues (separate or combined, according 
to their method of collection) with a view 
to weekly removal. Depending on each 
case, the pretreatment unit can be inte- 
grated with the biological purification 
unit (ease of access) or located upstream 


(for example, in the form of a pgefab- 
ricated metal assembly for small plants). 


The package Degrémont units, classi- 
fied according to increasing capacity, are 
listed below: 


Minibloc AP 100 to 500 popula- 
tion (concrete ver- 
sion for up to 2,500 
users). 

Compact MA 1,000 to 10,000 


population (designed 
with mechanical aer- 
ation or air injec- 





tion). 
Compact Alterné 1,000 to 10,000 
(Alternating) population 
Compact Chenal 1,000 to 20,000 
(Ditch) population 
Oxyrapid R 20,000 plus 


1.5.2. Extended aeration units 


These units are designed with a view to 
unsupervised operation, without perma- 
nent staff, according to the following cri- 
teria: 

- simple process (without primary set- 
tling) with completely mixed aeration 
tank, safe, at the expense of large unit siz- 
ing, 

— operation with low labour cost and rea- 
sonable energy consumption. 

They can be equipped with a program- 
mable logic controller that ensures: 

— management of the oxygenation of the 
activated sludge, by sequencing based on 
the loading curve of the unit and/or the 
hourly electricity rate of the local utility, 
while maintaining minimum mixing, 

— management of sludge recycling and 
extraction. 
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The biological reactor allows simulta- 
neous stabilization of the sludge. The 
installation of a thickening GDE screen 
on a storage silo is a simple means (never- 
theless requiring the use of polymer) of 
obtaining a thickened liquid sludge (6 to 
8% SS), thus considerably reducing the 
volumes to be removed. The silo can be 
aerated and mixed to ensure an additional 
stabilization effect by aerobic digestion. 


1.5.2.1. Minibloc AP 


The Minibloc (Figure 392) combines 
the various compartments needed for the 
process of the treatment — aeration (1), 
clarification (2), recycling of the sludge 





5 - Weir. 


1 - Extended aeration. 
2 - Clarification. 

3 - Sludge recycling. 
4 - Air diffusers. 


6 - Sludge storage. 
7 — Manual screening and 


(3), and possible lifting of the raw or 
treated water, in a single shop-fabricated, 
parallelepipedal steel tank. 

Aeration is ensured by injection of 
compressed air (4) (Vibrair, Oxazur or 
Flexazur diffusers). The air is supplied by 
a blower located on the unit, inside a 
soundproof hood; the blower also feeds a 
battery of air lifts (3) operating in paral- 
lel, in an alternately sequenced manner, 
and ensuring recycling of the settled 
sludge towards the aeration compartment. 

The treated water collecting weir (5) 
may be protected by a scum baffle to 
retain the floating matter, collected peri- 
odically by an air lift. 


8 — Process air inlet. 
9 — Raw water inlet. 
10 - Treated water outlet, 


Coarse screening. 


Figure 392. Diagram of an AP Minibloc (100 to 500 users). 





1. Activated sludge 











Figure 393. Dampierre-en-Burly facility, France. Capacity: 400 population equivalents. Minibloc AP. 


The Minibloc is prefabricated in 5 
models for 100 to 500 users. 

A watertight wooden cover avoids all 
risk of accident and allows the installation 
of the unit in urban areas (very low noise 
level, below 45 dB if requested). 


1.5.2.2. Compact MA 


The MA consists of a monobloc con- 
crete structure with easy access, without 
underfloor conduits, and equipped with a 
scraper bridge that moves back and forth. 
It can be equipped with either surface 
aeration or air injection (Figure 394). 


(a) Unit with surface aeration 

The unit is comprised of a square or 
rectangular aeration tank for the activated 
sludge and an integral clarifier, semi- 
circular in shape and with a nearly flat 
bottom and a common access footbridge. 
Aeration tank (1): mixing and aeration 
are carried out by one or more Actirotor 
surface aerators (3), located on a circular 
platform mounted on posts and accessible 


from the footbridge; there can be a semi- 
rigid skirt to control the noise of the spray 
and to prevent atmospheric contam- 
ination (elimination of aerosols). The ox- 
ygenation capacity of the aerator normally 
allows periods of non-aeration ensuring 
anoxic phases favourable to partial deni- 
trification in the aeration tank. 


Clarifier (2): the introduction of the liq- 
uor from the aeration tank is carried out 
in the centre of the semi-circle by a flow 
inversion pipe (8) in an inlet zone defined 
by a submerged baffle (4); this inlet zone, 
of great capacity, ensures the dissipation 
of the energy of the flow introduced and 
the deaeration of the liquor before set- 
tling. 


The sludge which settles at the bottom 
of the unit is scraped by a rotating bridge 
(5) with alternated semicircular operation, 
equipped with one (or two) air lift tube(s) 
(6) capable of a considerable flow 
(roughly 150% of the. mean flow to be 
treated); the sludge recovered by the air 
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lift is recycled by gravity to the aeration 
tank. The compressed air necessary for the 
air lift is supplied by a centrifugal blower 
located on the fixed footbridge. 

The clarified water is recovered by 
overflowing weir into a peripheral trough 
(7) or by laterals with submerged orifices. 
The scum and other matter floating on 
the surface can be retained: a hinged 
skimmer blade attached to the travelling 
bridge then directs them toward an auto- 
matic lateral scum box to be stored in a 


drainable tank. 


An alternative design provides for a 
rectangular settling tank equipped with a 
similar sludge withdrawal system (Figure 
395): 

(b) Unit with air injection 

This unit is a completely circular unit 
with a flat or slightly sloping, truncated 
cone-shaped bottom. Vertical, radial, 
internal walls define sections constituting 
an activated sludge aeration tank, a clar- 
ifier, possibly a compartment combining 
the pretreatment stages, and the sludge 
storage tank (Figure 396). 





Figure 394. Diagram of a Compact MA with surface aeration. 








1. Activated sludge 





Figure 395. Compact MA with a rectangular settling tank. 


ra) 





Figure 396. Diagram of a Compact MA with air injection. 
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Aeration tank (1): mixing and aeration 
are carried out by air diffusion through 
medium bubble diffusers (3) (Vibrair, 
Oxazur) or fine bubble diffusers (porous 
discs or Flexazur). The air injected is sup- 
plied by one (or several) blower(s) located 
in a separate building or possibly outdoors 
in a soundproof enclosure. 

Clarifier (2): is similar in design to the 
preceding model, the only difference being 
that the angle of the sector is variable. 


Note: it should be noted that on these Compact 
MA units, structurally differentiated in some cases 
(depending on the terrain or the environment), 
submerged aeration can be replaced by mechanical 
aeration or vice versa. 


1.5.2.3. Compact Chenal (ditch) 


This is a package, circular unit made in 
concrete, comprising an outside ring- 
shaped aeration ditch with a flat bottom, 
and a slightly sloping, central, circular 
clarifier with scraper (Figure 397). 


Aeration ditch: horizontal circulation of 





the mixed liquor, homogenization and ox- 
ygenation are ensured by one or several 
horizontal mechanical aerators of the Rol- 
lox type or similar. 

Clarifier: is of the scraper type with 
sludge collection at the centre, and recy- 
cling by means of a submersible pump 
and a separate well. The mixed liquor is 
fed in through a central circular baffle; the 
treated water is collected in a peripheral 
trough. 


Alternative: if the operations of circula- 
tion and oxygenation are to be separated, 
the mechanical aerators can be replaced by: 
- ome or more submerged circulation 
rotors with large diameter impellers (1), 
— an assembly for injecting air in, with 
medium or fine bubble diffusers (2) (Fig- 
ure 398). 


1.5.2.4. Compact Alterné or Alter 3 
(alternating) 


Alternating operation systems consec- 
utively use two identical capacities for the 
aeration phase then for the settling phase. 


Figure 397, Waremme plant, Belgium. Oxidation ditch with Rollox for MWW treatment. 








1. Activated sludge 


1 - Circulation rotor. 

2 - Air diffusers. 

3 - Activated sludge transfer. 
4 - Scraper bridge. 

5 - Raw water inlet. 

6 - Treated water outlet. 

7 - Sludge recycling. 


Figure 398. Compact Chenal (ditch). Alternative with circulation rotors and air diffusion. 


Mobile equipment is not submerged 
(in particular the scraper bridge). The 
denitrification rate is relatively high. 
Degrémont have long experience with 
these alternating systems. 

The unit includes (see Figure 399): 

— an inlet zone (1), constituting an acti- 
vated sludge tank with continuous aer- 
ation, 

— two zones (2 and 3) with alternating 
aeration/clarification operations, operat- 
ing on an adjustable cycle. 

The operation of the cycle is as follows: 
— the pretreated raw water is introduced 
into the zone (1), and aerated and mixed 
continuously, 

— acontinuous transfer (4) of liquor is es- 
tablished by gravity from zone (1) to zone 


(2), with mixing and aeration, possibly in 
sequence, 

- a second transfer of liquor (5), of equal 
flow, is established by gravity from zone 
(2) to zone (3), without mixing or aer- 
ation, in which the clarification of the 
treated wastewater is carried out by sludge 
settling; the clarified water is recovered 
from (3) and drained by gravity, 

- the sludge settled in (3) is partially 
stored, but recycling this sludge by air lift 
(6) from (3) towards zone (1) reduces 
concentration in (3) and maintains a suf- 
ficient solids concentration in (1). 


In the following cycle, after an interme- 
diate period during which preliminary 
settling is initiated in (2) (by stopping 
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2,3 - Alternate zones. 


1 - Inlet zone. 


water inlet, 8 — Treated water outlet. 


Figure 399. Compact Alterné (1,000 to 10,000 users). 


mixing in this zone), the operations of 
zones (2) and (3) are reversed and the 
sludge deposited in (3) in the preceding 
cycle is resuspended. 


Aeration and mixing are ensured by air 
injection. 

The absence of a scraper bridge allows 
complete covering of the unit at ground 
level with only a few access hatches, 
allowing the unit to be almost totally con- 
cealed. 


1.5.3. The Oxyrapid R 


The Oxyrapid R, intended for medium 
rate biological treatment of wastewaters of 
large conurbations, is the development of 
considerable experience acquired by 
Degrémont in the field of large, package 


4,5 - Gravity transfers. 





6 - Sludge recycle. 7 - Raw 


units featuring complete mixing and short 
retention times. 

The Oxyrapid R (Figure 400), which is 
usually rectangular in shape, includes: 

- a completely mixed aeration tank 
located along the axis of the unit, 

— one or two lateral clarifiers with vertical 
flow, equipped with travelling scraper 
bridges, 

- rapid recycling of the sludge, with 
adjustable flow (up to 300%), ensured by 
a battery of air lifts fed by the aeration 
blowers. 

The careful distribution and introduction 
of the aerated liquor into the clarifier makes 
it possible to reach high rising velocities and 
to make good use of the sludge blanket. 

The unit can be constructed in lengths 
of 120 m or more. 


1. Activated sludge 


By its design, the Oxyrapid R is well 
suited for producing package treatment 
“modules” possibly incorporating the pri- 
mary settling tank. 


1.5.3.1. Aeration tank (2) 

This tank has vertical walls and a flat 
bottom. The raw water is introduced across 
the length of the unit by a submerged pipe 
(1) provided at various points with cali- 
brated distribution orifices. 

Mixing (in double gyration) and aer- 
_ ation of the activated sludge is carried out 
by air injection (5) using medium bubble 
diffusers (Vibrair, Oxazur) or fine bubble 
diffusers (DP 230, Flexazur), arranged on 
a false floor. 


1.5.3.2. Clarifiers (3) 


Clarification is carried out in two (or 
possibly a single) rectangular channels (3) 
integral with the aeration tank, with 
moderately sloping bottoms and mechani- 
cal scraping (4) drawing the deposited 


sludge towards a longitudinal trough at 
the foot of the dividing wall. The aerated 
liquor enters via flow inversion pipes 
that deliver it below a large cross-section 
baffle. The treated water is recovered by 
longitudinal external troughs (8) with, if 
desired, an extension of the overflow 
length by regularly arranged channel ele- 
ments. 

The scum and other matter floating at 
the surface of the clarifier are scraped by 
the travelling bridge towards a scum box 
at the end. 


Recycling the settled sludge: this is 
ensured by a battery of air lift tubes (6) 
regularly arranged along the dividing wall 
between the aeration and clarification 
zones, collecting the settled sludge and de- 
livering it directly into the activated 
sludge mass, in spiral motion. 


According to operating conditions and 
the sludge quality, the recycling flow can 
be intermittent or continuous. 
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5 - Air diffusion. 


1 -— Raw water inlet. 
2 - Aeration zone. 

3 - Clarification zone. 
4 - Scraper. 


6 - Sludge recycling. 
7 - Excess sludge drawoft. 
8 — Treated water collection. 


Figure 400. Oxyrapid R (with scraper). 
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Excess sludge drawoff: this is carried 
out by manually or automatically oper- 
ated air lifts: 


— mostly in concentrated form: collection 
by a draught tube (7) on the travelling 
bridge (with centrifugal blower on it) 
sucking up the sludge at the bottom of 
the clarifier, 


- for the rest, in dilute form: collecting 
at several sites, directly in the aeration 


tank. 





Automation: a programmable logic con- 
troller is well suited to manage the ox- 
ygenation, the recycling of sludge and the 
drawoff of excess sludge. 

Various sensors can be added for meas- 
urement and alarm functions, possibly for 
servo-control, such as a raw water and/or 
treated water flowmeter, dissolved O, 
analyzer (acting on the air production), 
detection probe for the top sludge level 
during clarification, turbidity of treated 
water, etc. 


Figure 401. Harelbeke facility, Belgium. Purification of municipal wastewater by Oxyrapid R. 
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2. ATTACHED GROWTH 


Lae 
TRICKLING FILTERS 


2.1.1. Trickling filters with 
traditional fill 


These have a certain number of advan- 
tages compared to the activated sludge 
processes: 

— less supervision, 

— significant energy savings, as the air is 
usually supplied by natural draught 
through the bed, 

— often fairly quick “recovery” after a 
toxic shock, 


but there are numerous disadvantages: 

— lower purification efficiency for equal 
BOD loadings, 

— risk of clogging, 

— greater sensitivity to temperature, 

— no control of the air draught (lack of 
oxygenation and odours), 

~ limited height, 

- supply or resupply of adequate material 
sometimes difficult, 

— higher construction cost, 

— excess sludge is not generally stabilized. 


2.1.2. Trickling filters with plastic 
fill 


Trickling filters with plastic fill make it 
possible to overcome some of the disad- 
vantages. In particular, the high void ratio 
of the materials used considerably reduces 
risks of clogging. In addition, as 


the weight of plastic fill is much less than 
that of mineral fill, it is possible to design 
taller plants, thus reducing the land sur- 
face occupied. Another advantage lies in 
the greater developed surface area and the 
improved natural draught of air, which 
consequently make it possible to work 
with greater BOD loadings. 


Plastic fill trickling filters are partic- 
ularly suited for [WW treatment: 
— pretreatment of concentrated waste- 
water from agrifood industries (dairy 
farms, etc.), 
— treatment of water from refineries, etc. 


A high treatment efficiency (greater 
than about 80% on the BODs) should 
not be expected from a trickling filter 
with plastic fill. Such an efficiency would 
be difficult to obtain and would cause 
prohibitive capital and running costs. 
Likewise, water with very high BODs 
concentrations (greater than about 
2,500 mg.) should not be treated by 
this means since other techniques such as 
methane fermentation make it possible to 
obtain better results with lower energy 
consumption and the production of a val- 
uable biogas by-product. 


2.1.2.1. General arrangements 


(a) Shape of the trickling filter and 
hydraulic distribution 

In general, to ensure a good hydraulic 
distribution of the wastewater, trickling 
filters are ciccular or polygonal in shape 
(fed by rotary distributor). For rectan- 
gular trickling filters, the distribution can 
be achieved by fixed distributors, or a 
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combination of fixed and rotary dis- 
tributors. 


The disadvantage of fixed systems, 
with their smaller orifices, is their 
requirement of a means of access for the 
periodic clearing of the distribution ori- 
fices. This periodic clearing must be 
expected with most wastewaters because 
whatever the quality of pretreatment, 
the presence of debris capable of clog- 
ging the water distributing orifices is in- 
evitable. 


(b) Structure of the trickling filter 


In the case of ordered materials, since 
plastic fill is self-supporting, the outside 
structure can theoretically be calculated 
only to resist wind load. The outer walls 
of the filter are generally built around a 
frame of concrete, wood or metal posts; a 
plastic sheeting is then stretched over, 
avoiding splashing from the outside. 


In the case of random fill, the outer 
casing must normally be calculated to te- 


sist the water pressure throughout the 
height of the bed. 


Aeration systems: aeration is ensured 
by openings set at the base of the bed. 
In the case of covered beds (Figure 402), 
these openings are connected by ducts to 
blowers. The minimum surface of the 
openings must represent 2% of the de- 
veloped surface area of the tower. It is 
advisable, however, for industrial waste- 
waters heavily loaded with pollutants, to 
have a greater surface area. In the case of 
low temperatures, it is desirable to allow 
for the possibility to partially close the 
air inlets, by a system of flaps, for exam- 


ple. 


Chap. 11: Aerobic biological processes 





Supporting the media: the media is 
supported either by a grating or by a sys- 
tem of small metal or wooden beams. 


The means varies according to type of 
media chosen. The design of this sup- 
port must be carefully studied because 
most often the bed begins to clog at this 
level. 


(c) Hydraulic recycling 


To avoid clogging of a trickling filter 
due to excessive growth of the biofilm, it 
is necessary to work with a minimum 
hydraulic load, variable according to the 
type of wastewater and the nature of the 
material chosen. In most cases, it is nec- 
essary to carry out recycling. The instan- 
taneous hydraulic loading, continuous or 
discontinuous, is between 1.5 and 
5 m’/m’.h. Recycling is normally carried 
out directly at the outlet of the trickling 
filter. If the production of SS is high, it 
may be preferable to carry out this recy- 
cling from the settling tank located 
downstream, but then the latter must be 
larger. 


(d) Protection 


From the cold: trickling filters with 
plastic media behave like cooling towers. 
In winter, a considerable lowering of tem- 
perature can be observed. In cold coun- 
tries, it is advisable to limit thermal losses 
by using a twin shell (cladding) construc- 
tion and a cover as well as by controlling 
the ventilation. 


From corrosion: particular attention 
must be paid to protecting the metal 
parts, especially in the distribution area 
and on the support floor. Corrosion can be 
expected in the case of H2S release and 
with high water temperature. 
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Figure 402. Cross-section of trickling filter wich plastic fill. 





1 - Rotary distributor. 

2 - Ordered packing (stacked). 
3 - Support beams. 

4 — Openings for aeration. 

5 - Posts. 

6 - Cladding. 

7 - Support grating. 

8 — Possible cover. 
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From environmental nuisance: when 
treating some types of wastewater (brew- 
eries, distilleries, etc.), trickling filters can 
be a source of considerable odours. It is 
then necessary to cover them and some- 
times to deodorize the drawn air. 


2.1.2.2. Media 


Most of the media (Figures 403 and 
404) available on the market meet the 
following requirements: 

— large specific surface area, varying from 
80 to 220 m’.m”, 

— high void ratio to avoid clogging (often 
greater than 90%), 

- lightness, so that they can be used to 
considerable heights (4 to 10 m), 

— sufficient mechanical strength. It 
should be noted that once in regular use 
and loaded with zoogloea and trickling 


water, the media can weigh between 300 
and 350 kg.m™. Figures of 500 kg.m” 
are often taken into account for calculat- 
ing the supporting system, 

- biologically inert, 

— chemical stability. 


The plastic media differ in shape 
(which governs the surface area/volume 
ratio), in honeycombing, in the weight/ 
volume ratio and in the nature of their 
constitutive material (generally PVC or 
polypropylene). 


Two broad categories of media exist: 
— those using ordered packing, 
— those using random fill. 


It seems that the average service life of 
plastic media is about ten years. The need 
to replace the media is caused by various 
phenomena: fouling, crushing, support 
defects, etc. 











Figure 403. Examples of ordered plastic packing for trickling filter. 
1 - Plasdek. 2 - Cloisonyle. 
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Figure 404. Examples of random plastic fill for 


trickling filter. 
1 - Mass Transfer. 


21.2.3 


(a) Equation for sizing 


7 = exp (KA, 


2 - Flocor R. 


Purification efficien 





H 
where: R 


So = BODs of the raw water, after set- 
tling (mg.I"), 


Ss = BODs of the water leaving the trick- 
ling filter, after settling (mg.l”’), 
As = specific area of the plastic media in 


question (m’?.m”), 

filling depth (metres), 

hydraulic load expressed in m?.d™ 
per m* of cross-section of the bed. 
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This loading does not take the recy- 
cling into account and is thus only 
calculated on the flow treated, 





n = experimental coefficient. The fol- 
lowing relation is the most satis- 
factory: 

n=0.91 - a 
K = biodegradability constant depending 


on the nature of the pollution to be 
handled, and on the temperature. 


The following table gives the values of 
the constant K for some wastewaters. 








Nbidvsteiad np) Sinn I eT 
Effluent type Value of K 

Slaughterhouses 0.0082 
Poultry slaughterhouses 0.0189 
Dairy farms 0.0108 
Fruit and vegetable 

canneries 0.0153 
Breweries 0.0101 
Edible oils (olives) 0.0140 
MWW 0.0226 

Baek i. Saves ge A el NP eee Do 





By way of example, figure 405 gives, 
for these various types of wastewater, the 
volume of the material Cloisonyle (specif- 
ic area 130 m?.m™”) to be used for a 7m 
filling depth, according to the desired pol- 
lution removal efficiency. 


The preceding equation needs some 
qualifications: 
(1) Below 10-12°C in the trickling water, 
the efficiency drops considerably, and it is 
necessary to take this into account in cold 
regions. On the other hand, for greater 
values, the favourable influence of tem- 
perature is less obvious. 
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(2) To obtain a given efficiency, it is bet- 
ter to work with a great depth of material 
and a smaller bed cross-section than with 
limited depth and greater cross-section. 


(3) For a given hydraulic load, the S./S¢ 
relation is practically independent of the 
concentration of the influent. This is only 
true in a certain concentration range 
(roughly from 200 to 1,000 g.m° of 
BODs). 


(4) Experience shows that the influence 
of the recycle rate is practically insignif- 
icant on the efficiency of a trickling filter 
with plastic media. But this recycle is nev- 
ertheless absolutely necessary to maintain 
the minimum hydraulic load below which 
there would be no sloughing. 


(b) Role of the clarifier downstream 


The stated purification efficiencies gen- 
erally correspond to a settled, even filtered 
wastewater; yet in the case of a trickling 
filter used for pretreatment of an indus- 
trial wastewater before discharge into the 
municipal sewer, the downstream clarifier 
is often eliminated so as to free the indus- 
try of the sludge problem. The true puri- 
fication efficiency can then be clearly 
lower. 


If a trickling filter used for pretreat- 
ment is incorporated in the treatment 
plant unit upstream of an activated 
sludge stage, an intermediate settling tank 
makes it possible to extract the sloughed 
off excess sludge, which is highly fer- 
mentable and non-mineralized. This 
sludge would considerably increase the ox- 
ygen demands of the second treatment 
stage. The quantities of excess sludge pro- 
duced by the trickling filter are partic- 
ularly significant if the raw wastewater 


has a high concentration of suspended sol- 
ids and is not settled beforehand. 


The sludge (fragments of biological 
film) released by a pretreatment trickling 
filter can settle very well, but the intersti- 
tial water is quite turbid. 


Volume m? material /m of 
treated water 


40% 50% 60% 70% 80% 





1 - Slaughterhouses. 

2 - Breweries. 

3 - Dairy farms. 

4 - Edible oils. 

5 - Canneries. 

6 - Poultry slaughterhouses. 
7 - MWW. 


Figure 405. BODs removal efficiencies on Cloiso- 
nyle bed. 
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Figure 406. San Miguel brewery, Philippines. Capacity: 14 + BODs per day. Trickling filter for pretreat- 
ment. 
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FIXED 
GRANULAR BEDS 


Degrémont implemented these tech- 
niques in France at La-Barre-de-Monts in 
1973 on MWW, and for Mobil Oil at 
Notre-Dame-de-Gravenchon, in 1980 on 
IWW. 

The result of progress made is that 
now, biofiltration has become a partic- 
ularly advantageous treatment process. In 
MWW treatment, it makes it possible to 
carry out secondary biological purification 
(removal of carbon and nitrogen) and 
retention of the SS at the same time. In 
the treatment of drinking water, these 
processes are particularly suited for nitrifi- 
cation and denitrification. 

The term “biofiltration” is often used 


to cover all processes that combine biolog- 
ical purification with SS retention. 
According to the characteristics of the sup- 
port material, the clarification effect can 
vary considerably. Initially, the English 
term “biofilter” was given to low rate bac- 
teria beds filled with coarse materials of 
several centimetres size range, and often 
operating without secondary settling tank. 
The SS content of the wastewater treated 
then exceeded 50 mg.l’. The old process 
of slow filtration of drinking water, on 
fine sand (less than 1 mm ES), is another 
type of biofiltration of much more lightly 
loaded water leading to treated water with 
low turbidity. The term biofiltration, used 
in treating MWW, usually covers proc- 
esses leading to the production of treated 
water that complies with usual discharge 
standards, i.e., with an SS content of a 
few dozen mg.l”. 
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These techniques use biomass of great- 
er concentration and, above all, of greater 
activity than activated sludge and have 
the following advantages: 


— savings in land space, particularly due 
to elimination of the wastewater clar- 
ification stage. This compactness makes it 
easier to cover units, control harmful 
effects (smell and sound) and produce 
aesthetic units, 


- no risk of leaching since the biomass is 
attached to a support such that flow var- 
iations can be readily handled, 


— easy adaptation to dilute wastewaters, 


— quick restarting, even after stopping for 
several months, 


— modular construction and easy auto- 
mation. 


Oxygenation can be carried out by 
prior dissolution of atmospheric oxygen 
or pure oxygen, or by direct transfer of 
air into the reactor. In the latter case, 
the respective flow directions of air and 
water are particularly significant. The 
practice of filtration of drinking water 
has led, as an initial approach, to the 
development of downflow reactors with 
countercurrent air flow; this technique 
leads to the slowing down and the coa- 
lescence of the injected air bubbles, 
hence the formation of gas pockets in 
the granular mass. This is the phenom- 
enon of air binding which involves the 
following disadvantages: 


— increase in the head loss leading to 
reduction of the treated water flow and 
an increase in the washing frequency, 


— need to continuously (and _uselessly) 
increase the process air flow: this no 
longer becomes necessary because of the 
biological needs, but because of the me- 
chanical and hydraulic needs, 


— this excessive injection of air causes 
turbulence reducing the SS retention 


capacity. 


These different reasons led Degré- 
mont, in the case of direct transfer, to 
select air-water cocurrent techniques, ei- 
ther in upflow (Biofor), or in downflow 
(Biodrof). There is one exception, how- 
ever: nitrification of drinking water in 
which clear treated water is also desired. 
The negligible concentrations of SS in 
the effluent to be treated, together with 
the low growth rate of the nitrifying 
bacteria, considerably limit clogging 
and, consequently, the risks of air bind- 
ing. In this case it is possible to use an 
air-water countercurrent (Nitrazur proc- 
ess). 


Each biofiltration technique, by vir- 
tue of its particular characteristics, has a 
very precise application. 


2.2.1. Filter media: Biolite 


The filter media has a dual role: 
— support of microorganisms, 
— filtering effect. 


The choice of a suitable support is 
fundamental and depends on the type of 
reactor being considered and the nature 
of the wastewater to be treated (drink- 
ing water, MWW or IWW, after pre- 
treatment, primary settling or secondary 
biological treatment). 


Degrémont developed a family of 
materials called Biolite (L, P, F) whose 
ES can vary from 1 to 4 mm and gran- 
ular density from 1.4 to 1.8 g.cm”. 
They have the following common char- 
acteristics: 





- surface conditions favourable to bacte- 
rial development, 
— low friability and low loss in acid. 


2.2.2. Biofor (Biological Filtration 
Oxygenated Reactor) 


2.2.2.1. Description 


This is a system of aerobic biological 
filtration with air and water upflows 
(Figure 407). Oxygenation is thus carried 
out by introduction of air cocurrent with 
the water. 

A Biofor installation mainly comprises 
(Figure 408): 

- a battery of identical reactors generally 
made of concrete (1), operating in parallel 
(or possibly two batteries in series, in the 
case of combined removal of carbonaceous 
pollution with nitrification), 

— a unit for distributing the water to be 
treated (2), 

— an access gallery to the automatic 
valves and pipework, to the filter bot- 
toms, drains, etc. (3), 


Process air 


Air scour 


Figure 407. The principle of the Biofor. 
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— an adjoining bay for the backwash 

pumps (4), 

- a bay for the various air blowers and 

compressors (5), 

— a treated water tank for wash water 

(6), 

- possibly a tank for recovery of the waste 

wash water, with drainage pumps (7). 
Each reactor, comprised of a rectan- 

gular, concrete pit, includes: 

- a feed well for water to be treated, 

equipped with a protecting screen, 

— a support floor for the granular media, 

made of prefabricated slabs, 

— two front-mounted weirs, with surface 

sloping upstream for collecting the treated 

water and the wash water. These weirs are 

protected by a material trap comprised of 

a stilling picket fence eliminating turbu- 

lence, particularly in the air scour + water 

washing sequence of the washing cycle 

(Figure 409), 

- a front-mounted treated water collect- 

ing trough for each reactor, and a part of 

the waste water collecting channel shared 

with the battery of reactors. 


Treated water 


Wash water 


Water to be treated 
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Waste water channel 








Figure 408. Diagram of a Biofor installation. 


The floor supports: 
— two intermediate support layers, 
— about 3 metres of the specific media. 

The equal distribution of the fluids 
introduced under the filter floor (raw 
water, wash water, air scour) is ensured by 
approximately 55 nozzles per m*. These 
nozzles are specially adapted for waste- 
water use. 

Introduction and equal distribution of 
the process air is ensured by a grid collec- 


= 


~~ 














tor assembly on the filter floor. Equal dis- 
tribution of the air in the mass of support 
material is ensured by Oxazur diffusers 
(page 710). 


Two types of materials are currently 
used: 


— Biolite 2.7 with an ES between 2.5 and 
2.9 mm, 


— Biolite 3.5 with an ES between 3.2 and 
3.8 mm. 


2. Attached growth 


In the case of lightly loaded waste- 
waters that must comply with strict SS 
standards, sand with an ES of 1.35 mm is 
used: this can be the case for nitrification 
on a Biofor, downstream of a first Biofor 
removing the carbonaceous pollution. 


2.2.2.2. Operation - Automation 

(a) Treatment cycle: the raw water is 
introduced under the floor of the reactor. 
The number of units in use may be 
related to the flow to be treated. 

The introduction of process air is con- 
‘tinuous on the reactors in service. Each of 
them is equipped with a blower of its 
own, in such a way as to overcome the 
variations in head loss from one reactor to 
the other. 

The treated water, collected by the 
front-mounted weir, drains by gravity at 
the outlet after filling the treated water 
reservoir. 

(b) Washing cycle: this is automatically 
initiated by a time switch, or possibly ear- 





lier if the maximum allowable head loss is 
reached. The entire washing cycle is auto- 
matic and lasts 30 to 40 minutes; it 
includes an actual washing phase (with air 
and water) and a rinsing phase. The tech- 
miques used are quite similar to those 
described on page 775. 

The air is supplied by a blower com- 
mon to all the Biofors. The wash water 
represents 5 to 10% of the volume of the 
filtered water. 


(c) Automation: management of the 
washing cycles and control of the rotating 
machinery and automatic valves are 
ensured by a programmable controller. 


2.2.2.3. Application and _ operating 
results 


The Biofor is normally used after pri- 
mary settling or flotation (these steps can 
be preceded by flocculation). The applica- 
tion of this technique is: 


Figure 409. Gréoux-les-Bains facility in southern 
France. 

Flow: 4,000 m?.d° ' MWW purification. 

View of one of the 4 Biofor reactors with 14.1 m? 
unit surface area. 
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Figure 410. Métabief facility, France. Maximum flow: 2,300 m’.¢ ' MWW purification. 4 Biofor reactors 
with 10.5 m° unit surface area. 


— removal of the BODs from wastewaters 
having a concentration below 300 mg.l", 
— retention of the SS from wastewaters 
having a concentration below 150 mg.!", 
— removal of the ammonia by oxidation 
to nitrates (it should be pointed out that 
ammonification is limited due to the 
short retention time), 

— denitrification of nitrified water with- 
out the addition of process air. 


(a) Excess sludge production 


Excess sludge production is greater 
than with low rate activated sludge. The 
shorter retention times of the water, the 
limited degradation and greater retention 
of the SS explain this phenomenon. 


Wash water, whose SS concentration is 
in the 2 and 3g." range, is either re- 
turned downstream of the pretreatment 
stage if the plant has a settling or flotation 
unit, or treated separately by settling or 


flotation before discharge into the envi- 
ronment. 


(b) Results 


Process air - Oxygenation capacity - 
Energy consumption: the injected air 
flow can vary, depending on the treat- 
ment conditions, between 4 and 
15 Nm?’.m™ of reactor area per hour. As 
the oxygen transfer efficiency in actual 
treatment conditions is about 20%, the 
oxygenation capacity can vary from 0.3 to 
0.9 kg of O2/m’.h. The energy consump- 
tion of oxygenation can be as low as 
0.75 kWh per kg of removed BODs (at 
full load). The energy consumed by the 
periodic washing of the media (air and 
water) must be added to this energy con- 
sumption: it is roughly 0.1 kWh per kg of 
BODs removed. 


Removal of SS: the performance of the 
Biofor depends on the choice of media, 
the hydraulic load on the reactors and the 





SS concentration of the raw water. In 
MWW treatment, the SS removal efficiency 
of raw water having an initial SS content of 
about 100 mg", varies from 85 to 70% at 
velocities of from 2 to 6 mh". 


The SS retention capacity between 
washes is between 1.5 and 2kg.m° of 
material. 


Removal of BOD; (Figure 411): unlike 
the SS, the removal of the BOD; is little 


BOD, removal efficiency in % 






Water velocity 




























200 
BOD, concentration 





Oxidized nitrogen load 
in kg N-NH, per m* of 


2. Attached growth 


affected by the ES of the media used. On 
settled MWW of average concentration, 
the BOD loadings adopted are between 2 
and 6 kg BODs/m’.d for which the 
BODs removal efficiencies vary between 
85 and 75%. 


Oxidation of ammonia to nitrates 
(Figure 412): on MWW, after removal of 
the carbonaceous pollution, it is possible 
to nitrify 1 kg of N-NH4/m’.d at 20°C. 
At 12°C, this figure is only 0.45 kg 
N-NH4/m’.d. 

The curves of Figures 411 and 412 
were developed on MWW. 


2.2.3. Biodrof (Biological Dry Ox- 
ygenated Filter) 


2.2.3.1. Description 


In this process (Figure 413), the waste- 
water to be treated trickles through the 
granular bed. This allows the transfer of 
oxygen within the active mass without 
having recourse to direct injection of air 
into the reactor. The air circulates in 
cocurrent with the water, creating a low 
pressure zone at the base of the reactor. 








Effluent temperature °C 


Figure 412. Oxidation of ammonia to nitrates with the Biofor (raw water having a BODs of less chan 


60 mg"). 
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The water is evenly distributed at the 
surface of the bed by a system of troughs 
or by rotary or travelling distributors. It 
trickles through a preliminary dispersion 
layer, into the bed, then through the floor 
where it drains into a collector or a bot- 
tom channel. 

A water seal makes it possible to main- 
tain the low pressure under the floor. This 
low pressure varies from 0 to 150 cm 
WC. The velocity of the air must be high 
enough to ensure good penetration of the 
SS into the media and to promote ox- 
ygenation of the biomass. 

The layer depth is of the order of 2 m. 


2.2.3.2. Operation 


The Biodrof is used for simultaneously 
removing the carbonaceous pollution and 
SS, on MWW or on certain IWW, either 
directly after primary treatment or as pol- 
ishing treatment after an existing facility. 

The media is washed as soon as the 
internal low pressure or the cycle duration 
reaches a predetermined value. After fill- 
ing the biofilter, this washing includes the 





< BIODROF = 


. Ss lara ok 
CORT SSA: 








1 Raw water inlet. - 2 Treated water outlet. - 
3 Low pressure. 


Figure 413. Principle of the Biodrof. 


standard washing phases of a filter with 
water and air. 

The total duration of these operations, 
including drainage and emptying, is 
about 45 minutes. As in the case of the 
Biofor, the volume of wash water repre- 
sents 5 to 10% of the volume of filtered 
water. This wash water follows the circuit 
described earlier for the Biofor. 





Figure 414. Mannheim facility, Germany. Polishing treatment for purification of municipal wastewater. 
Maximum flow: 14,000 m’.h”'. 32 Biodrof reactors (unit surface area: 87 m?). 
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Figure 416. Filtration with predissolution of pure 


Figure 415. Removal of BODs and SS with the 
oxygen or air. 


Biodrof. 


2.2.3.3. Conditions of use and results The curves of Figure 415 show the 


The Biodrof process is advantageous in _esults obtained on Canadian MWW con- 


tertiary treatment or on highly dilute taining gli held of 65 mg" SS and 
wastewaters. 75 mg.l BODs. 
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Figure 417. Obernai facility for the Kronenbourg brewery in eastern France. Flow: 15,000 m’.d', Tertiary 
treatment by filtration on’ Biolite with predissolution of air. 
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2.2.4. Filtration with predissolution 
of air or oxygen (Oxyazur) 


The predissolution of air under pres- 
sure makes it possible to work in a two- 
phase system in the biofilter. The filtering 
effect of the media (in general Biolite) is 
not disturbed by the presence of air bub- 
bles, making it possible to obtain high SS 
removal efficiency. The filters used are of 
the downflow type. This technique is used 
especially in polishing, for removing the 
suspended solids, when the residual BOD 
of the water to be treated is low. On more 
polluted water, the capabilities of removal 
of the organic pollution are enhanced by 
recycling the treated water, although this 
has the disadvantage of increasing the fil- 
tration rate, or better by using pure ox- 
ygen under pressure (see Figure 416). 


2.2.5. Nitrazur 


The Nitrazur process covers the tech- 
niques for removal of nitrogen in diinking 
water treatment. The process is applicable 
either for nitrification (oxidation of 
ammonium to nitrates), or in denitrifica- 
tion (removal of nitrates in nitrogen 
form). 


2.2.5.1. Nitrazur N (Nitrification) 


The ammonium concentration after 
treatment must be much lower than the 
values desired in MWW (0.05 mgt" 


according to EEC standards). More- 
over, the medium is very poor in nutri- 
ents. 


The support material used is Biolite L, 
which was recognized as being the most 
effective for nitration (transformation of 
nitrites into nitrates); this reaction has 
slower kinetics than nitrite production 
(NHs — NO?) and it is the limiting fac- 
tor of nitrification. 


The Nitrazur N can be used either in 
upflow, where its effectiveness will be 
at maximum, or in downflow: in this 
case, the benefit is a greater filtering 
effect which makes it possible to retain 
a greater quantity of SS. This is illus- 
trated in Figure 418. The support floor 
(9) is equipped with two types of noz- 
zles one of which is reserved for intro- 
ducing the process air. This process air 
makes it possible to maintain a suffi- 
cient oxygen concentration throughout 
the depth of the media. It is thus pos- 
sible to nitrify water containing more 
than 2 mg.I"* of NH. During washing. 
the two types of nozzles are used to 
simultaneously inject the air and the 
wash water. In order to keep the light 
material from being washed out, zone 
(8) is used to store the waste wash 
water during the air scour and water 
wash phase; this wash water is then 
drained via the channel and the valve 
(7). During rinsing, the water level is 
maintained at the level of the wash 
weit (6); this phase is shortened due to 
sweeping by the water to be nitrified. 


2. Attached growth 


2.2.5.2. Nitrazur D (denitrification) 


In this process, the reactor (Figure 419) 
uses bacteria that are not strictly aerobic 
and that use the oxygen present in the 
nitrates for their metabolism; the reactor 
Operates in an anoxic condition. The sup- 
port material is Biolite L. The operating 
direction is upflow: this direction of flow 


Becee 


v1! Biolite L ‘9° 


1 - Inlet of water to be nitrified and sweeping 


water. 
2 - Nitrified water outlet. 
3 - Process air. 
4 - Air scour and wash water. 
_ 5 - Normal operating level. 
6 - Rinsing level. 
7 - Wash water outlet. 
8 - Storage of waste wash water. 


9 - Nozzle-fitted floor. 


Figure 418. Nicrazur N in nitrification. 





promotes the removal of the nitrogen gas, 
which is the final product of the denitrifi- 
cation reaction. Downflow operation 
would result in the accumulation of the 
nitrogen in the midst of the reactor, thus 
significantly increasing head loss. The 
water to be denitrified is introduced, with 
its reagents, at the base of the reactor (1). 
The denitrified water is collected at the 
surface (2). The floor is equipped with a 
single type of nozzle. 





1 - Inlet of water to be treated. 
2 - Denitrified water outlet. 

3 - Air scour. 

4 - Wash water. 

5 - Wash water outlet. 


Figure 419. Nitrazur D in denitrification. 
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2.2.6. Choice of treatment tech- 
nique with fixed granular beds 


The following table shows the applica- 
tions of the various aerobic attached 
growth processes in wastewater treatment. 
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METHANE FERMENTATION 


Methane fermentation is an energy- 
saving process used for more than a cen- 
tury in the treatment of sludge from 
MWW plants. Its scope of application has 
been gradually extended to include liquid 
effluents. 

Despite the high methane content of 
the gas produced, methane fermentation 
is nevertheless primarily a form of waste- 
water treatment; as such it must be 
designed to consume as little energy as 
possible without impairing the efficiency 
of the process, specifically in terms of 
mixing, recirculation and heating systems. 





Suspended growth | Completely-mixed 
digester unit 


Digester/settler 
(anaerobic contact) 


Sludge-blanket 
digester 





Ordered packing 
(plastic media) 


Attached growth 








Fluidized bed 










Other advantages of the process include 
low sludge production (see page 318), and 
reduced nutrient consumption. 

In most cases, methane fermentation 
does not result in wastewater character- 
istics suitable for discharge into the envi- 
ronment. In particular, the process has lit- 
tle effect on the nitrogenous pollution. An 
aerobic polishing treatment is generally 
necessary. The techniques that have been 
developed involve continuous processes 
and are of two major types: 

— suspended growth, 
- attached growth. 






see page 936 | Excess sludge 
Liquid manure 


Concentrated wastewater 










Some dilute, 
easily degradable wastewaters 













Wastewaters of low- to 
medium-concentration with 
low SS content 
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|. GENERAL DESIGN 





ee 
ACIDIFICATION 


An acidification (hydrolysis) tank is 
sometimes required upstream from the 
fermentation reactor. It is used: 

— when retention time in the fermenta- 
tion reactor is brief; 

— when the effluent has sulphate concen- 
trations of several grammes per litre, and 
depending on the COD value; 

— on certain substrates (such as glucose). 


This tank can also act to regulate pol- 


2s 
HEATING 


Proper temperature control is essential. 

A heating device is practically always 
necessary, even for hot effluents, if only 
during the low-rate start-up period. 
External heat exchangers, preferably with 
low sensitivity to suspended solids, are 
recommended. 


lutant flow. It is covered, in order to 
reduce influx of oxygen, and usually 
mixed. It is insulated to minimize heat 
losses and eliminate any need for heat 
input at the head of the facility. 


Depending on raw water character- 
istics, retention time varies between a few 
hours and 48 hours. 


Acidification is normally performed 
using suspended growth systems, al- 
though there is no fundamental reason 
why attached growth processes cannot be 
used. 


When retention times are brief, the 
raw effluent is often heated as it enters 
the tank. With long retention times 
(more than one week), heat is best 
applied to the contents of the reactor 
itself, and concentric-tube exchangers 
must be used. 


When treatment is carried out on high- 
temperature effluents, a cooling system 
may be necessary. 





Ie: 
pH 


To maintain a pH level of about 7 in 
the reactor, it is usually necessary to sup- 
plement the alkalinity of most industrial 
effluents. Alkalis are therefore added to 


the raw water, preferably in the form of 
lime (in the anaerobic contact process), to 
promote flocculation and sludge settling. 
In other processes requiring substantial 


quantities of alkali, caustic soda is prefer- 
able. 


1. General design 


1.4. 


The reactor is equipped with the fol- 
lowing safety systems: 
— pressure relief (air release valve); 


Ls 


The methane produced by fermenta- 
tion of IWW is generally used for heat- 
ing purposes in the plant or on the site. 
It is stored in gas holders which compen- 
sate for production fluctuations and facil- 






— negative-pressure relief (by injecting air 
or an inert gas through a vacuum- 
breaker); 

- fire and explosion safety (flame arrest- 
er) on gas lines; 

- safety device to prevent water conden- 
sation. 


itate delivery to the burners. These gas 
holders often consist of flexible contain- 
ers enclosed in structures, with a waste 
gas burner to complete the facility. If 
the gas produced constitutes only a 
small fraction of total fuel consumption, 
the gas holder may be replaced by a 
regulating system located inside the te- 
actor. 


—f 





————SS_ 


a ee 
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ms 


Dire A 420. Gas holder (capacity 10,000 m*) at the Achéres Fite (Paris area, France) for the SIAAP. 
MWW treatment for the Paris metropolitan area. 
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2. SUSPENDED GROWTH 


Methane fermentation of sludge, as it applies to liquid manures, is discussed in 


Chapter 18, page 932. 





Dele 
ANALIFT (mixed digester + 
settling tank) 


This process, also known as the anaer- 
obic contact process, involves a mixed 
reactor and a separate settling tank with a 
sludge recirculation system that can be 
regulated to maintain the highest possible 
sludge concentration in the reactor (Figure 
421). 

Between the two main pieces of equip- 
ment, a degasification device is required 
to remove the occluded gas, which hinders 
settling, from the floc. 





1 - Raw water. 
2 - Treated water. 
3 - Excess sludge. 


5 - Biogas. 


Figure 421. Anaerobic contact process (Analift). 


4 - Sludge recirculation. 


6 - Gas mixing. 


2.1.1. Design 


e Reactor 

The purpose of mixing is to keep the 
reaction medium homogeneous, in order 
to attenuate the effects of load fluctu- 
ations. The preferred mixing technique 
involves injecting gas through pipes made 
of corrosion-resistant material (see page 
937). This mixing method has proved the 
most efficient and the easiest to imple- 
ment. The absence of any moving me- 
chanical parts inside the reactor ensures 
safety and reliability. 

The reactor can be made of concrete, 
steel, or plastic. Internal anti-corrosion 





7 - Degasification. 
8 - Settling. 


2. Suspended growth 


protection is often required. Insulation 
must be extremely effective so that tem- 
perature is kept constant at the desired 
level in the medium. Under particularly 
favourable climatic conditions, this 
requirement may be waived. 


e Degasification 

The sludge mixture emerging from the 
reactor passes through a degasifier which 
serves three purposes: 

- stilling (if required); 
- degasifying of the liquor; 
- flocculation of the sludge. 

Retention time in this unit must be at 
least 30 minutes. A variety of degas- 
ification methods are available. Covering 
requirements and the layout of the facility 
may point to the use of a vacuum degas- 
ifier. Slow mixing is also often used. 


e Settling tank 

The settling tank can be viewed as a 
thickener, since the sludge is highly con- 
centrated upon extraction. The unit is 


sized on the basis of the solids loading, 
entailing rising velocities of 0.05 to 
0.2 mh". 


The sludge recirculation rates imple- 
mented typically range from 50 to 150%. 


2.1.2. Applications and perform- 
ance 


This process, which is relatively insensi- 
tive to load fluctuations, is suitable for 
concentrated effluents (distilleries, can- 
ning factories, chemical industries, paper 
and pulp industries), and for dilute 
effluents which involve a risk of mineral 
precipitation (sugar beet refineries). 


With the methane fermentation and 
settling functions handled in two separate 
units, independent access is available to 
each, for the following purposes: 

— transferring sludge from one tank to 
the other to facilicate maintenance and re- 
start operations; 

— stripping H2S (a gas produced by sul- 
phate reduction that tends to inhibit the 





Figure 422. Facility at Platting (Germany) for the Stidzucker sugar refinery. rape 30 to 38 tonnes 
COD per day. Methane fermentation of effluents in an Analift reactor. 
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methane fermentation process) and treat- 
ing the gas elsewhere; 
- discharging the inorganic fraction of 
sludge after centrifuging. 

Applied COD loads depend on the 
type of effluent and the desired removal 


efficiency, and vary between 3 and 
15 kg/m’.d. 

COD removal efficiency ranges from 
65% (for a molasses refinery) to more 
than 90% (sugar beet refinery). BODs re- 
moval efficiency ranges from 80 to 95%. 





Pik 
ANAPULSE (sludge blanket 
digester) 


This process is suitable for effluents 
that lead to the formation of “granulated” 
sludge (see page 318). 


2.2.1. Design 


e Reactor 
In this type of upflow reactor, the raw 
water passes through a sludge blanket be- 


1 - Raw water feed pump. 
2 - Treated water. 
3 - Reactor. 


6 - Biogas. 


4 - Sludge recirculation. 
5 - To gas holder. 


fore flowing into a settling tank located in 
the same module, for removal of any sus- 
pended solids entrained from the sludge 
blanket. The blanket is homogenized by 
production of gas within the sludge. 

The raw water feed is pulsed to ensure 
even distribution of flow over the entire 
reactor cross-section. This arrangement 
enables the use of large-diameter feed 
pipes, thereby reducing the risk of clog- 
ging. 

The reactor can be made of concrete or 
steel, suitably protected. It is thermally 
insulated. 








7 - Gas blower. 
8 - Settling tank. 


Figure 423. Sludge blanket process with pulsed feed (Anapulse). 


2. Suspended growth 








e Settling tank Two configurations are possible: 

The sludge blanket normally has a fil- —- adjacent settling tank, offering a large surface 
tering effect. Residual suspended solids area for gas release and allowing the construc- 
are retained in the settling tank. 5 tion of units of limited height (Figure 423); 





Joys 


Figure 424. Armentiéres (Northern France) facility for the Sébastien Artois brewery. Capacity: 8 tonnes 
COD per day. Anapulse reactor for effluent methane fermentation. 





- Raw water. 6 - Gas. 

- Treated water. 7 - Gas blower. 

- Reactor. 8 - Settling tank. 

- Sludge recirculation. 9 - Settling modules. 
- To gas holder. 








Figure 425. Sludge blanket reactor with top-mounted settling tank. 
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— top-mounted settling tank, not recom- 
mended for dilute effluents (Figure 425). 

In both cases, gas-lift pumps are used 
to recycle the settled sludge. The settling 
tank contains no moving mechanical 
parts. 


2.2.2. Applications and 
performance 
This process is applicable to dilute, eas- 


ily degradable effluents from agricultural 
and food processing industries (breweries, 


starch plants, etc.). It is generally not suit- 
able for concentrated effluents and/or 
those containing readily settleable SS 
(such as clay or calcium carbonate). 


Applied COD loads vary between 6 
and 15 kg/m’.d, depending on effluent 
characteristics. Depending on the prior 
retention time, acidification treatment is 
often necessary. 


This technique has been suggested as a 
pretreatment for municipal wastewater in 
hot climates. 


3. Attached growth 


3. ATTACHED GROWTH 





ul. 

ANAFIZ 

(attached growth 

on organised support medium) 


In this process, the bacterial film grows 
on a fixed plastic medium, through which 
the water passes in upflow. 


3.1.1. Design 


Water and gas circulate in cocurrent 
flow in the reactor (Figure 426), which is 
fed at the bottom. To ensure proper raw 
water distribution over the entire cross- 
section of the unit and thereby eliminate 
any risk of preferential paths, a sufficient 





1 - Raw water. 
2 - Treated water. 4 - To gas holder. 


Figure 426. Attached growth reactor (Anafiz). 


3 - Recirculation where necessary. 


upflow velocity must be maintained, 
which often entails recycling of treated 
water. 


The raw water feed system and the 
treated water recovery device at the top 
are also designed to ensure full utilization 
of the contact medium. 

The medium typically consists of two 
layers, through which the raw water pas- 
ses in succession: 

— a lower layer of organised support 
medium, in which bacteria colonize 
rather slowly but which shows little tend- 
ency to clog. A double colonization often 
occurs here, consisting of the attached 
biological slime as well as a sludge blan- 
ket which increases the quantity of avail- 


5 - Biogas. 
6 - Blowdown. 


(Pye) 
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able biomass. Hydrolysis of the raw water 
SS can occur here; 

— an upper layer of random fill featuring 
a high specific surface, allowing rapid colo- 
nization and offering favourable condi- 
tions for methanogenesis (which, in this 
process, is the reaction requiring the most 
intimate contact between the substrate 
and the active biomass). The risk of clog- 
ging of this type of material is greatly 
diminished by the fact that the raw water 
has first passed through the lower hydroly- 
sis zone and is already in the methanogene- 
sis phase, during which little excess bio- 
mass is produced. 

When the raw water has undergone pri- 
or complete acidification (as is frequently 
the case with sugar refinery effluents), the 
ordered packing can be eliminated. Alter- 
natively, ordered packing may be replaced 
by random fill if the effluent to be treated 
contains no suspended solids. 


In most cases, excess sludge is dis- 
charged with the treated effluent, and pe- 


riodic gas injections may also be per- 
formed to create turbulence in the pack- 
ing. Depending on the effluent quality 
required, additional clarification may be 
necessary. 


In addition, sludge is periodically 
extracted through the lower reactor zone. 


The reactor can be made of concrete, 
suitably protected steel, or plastic, with 
thermal insulation. 


3.1.2. Applications and performance 


The Anafiz process is suitable for rela- 
tively dilute effluents from agricultural and 
food processing industries such as dairies, 
distilleries, sugar refineries (if lime is not 
used in the process), sweets factories, etc. 


Depending on raw water composition, 
the COD load applied ranges from 8 to 
15 kg/m *d, with COD removal effi- 
ciencies of 70 to 80%, and BODs removal 
rates between 80 and 90%. 





Figure 427. Ahausen adit (Germany) for DAA. Capsahiids 12 tonnes COD per day. Methane fer- 


mentation of distillery effluents in an Anafiz reactor. 


3. Attached growth 


B.2. 


ANAFLUX 
(attached growth 
on fluidized bed) 


In this reactor (Figure 428), the bacteria 
are attached to a granular medium that 
expands due to the upward flow of the liquid 
being treated; this improves substrate/cul- 
ture contact, and maximizes the area avail- 
able for film attachment per unit volume. 

This type of reactor allows the most con- 
centrated growth of active bacterial colonies 
and can therefore accommodate the highest 
loadings. 

A special Biolite filter medium with NES 
of less than 0.5 mm was selected on the 
strength of the following characteristics: 

— porous structure with high specific sur- 
face, 





— low density, 

— resistance to attrition, 

— strictly controlled manufacturing con- 
ditions. 


3.2.1. Design 


The reactor can be made of either steel 
or plastic. Anti-corrosion protection and 
thermal insulation are often necessary. 

A rising velocity of 5 to 10 m.h™ must 
be maintained to ensure fluidization of 
the medium; this generally entails raw 
water recycling. After the mixture is 
injected into the reactor, a three-phase 
separator is used to recover any entrained 
Biolite, which is then recycled with a 
pump. As bacteria gradually colonize in 
the medium, excessive density loss may 
occur as the medium is entrained out of 
the system. Detaching the excess biomass 
from a portion of the medium in a high 





1 - Raw water. 
2 - Treated water. 


3 - Fluidizing pump. 
4 - Biolite recirculation. 


5 - Biogas outlet. 


Figure 428. Attached growth in a fluidized bed reactor (Anaflux). 


Ds 
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turbulence chamber constitutes a means 
of removing this excess matter with the 
treated water. An added clarification step 
may be necessary for removal of sus- 
pended solids. 


3.2.2. Applications 
and performance 


The high loads applied involve rela- 
tively short retention times in the reactor, 
dictating a prior acidification step in most 
cases. 

The principal advantages of the process 
are: 

- no risk of clogging of the support 
medium, 

rapid start-up, 

compact treatment unit, 

no risk of biomass entrainment, 
accommodation of considerable flow 
variations, within the velocity range ac- 
ceptable for fluidization. 

Depending on the raw water character- 
istics, the COD load can vary between 30 
and 60 kg/m’.d with treatment efficiency 
ranging from 70 to 90%. The Anaflux 
process is suitable for effluents having 





COD values on the order of 2.5 gl ot 
more, 1.e., effluents from food processing 
industries (breweries, sugar refineries, 
canning factories, starch plants, distill- 
eries, dairies, etc.), the paper industry (pa- 
per mills, evaporation condensates, etc.) 
and chemical or pharmaceutical plants. 


; ay ea 





Figure 429. Anaflux pilot unit. 


Ag 
4, System start-up and control procedures 


4. SYSTEM START-UP AND CONTROL 


PROCEDURES 





Al. 


START-UP 
AND SEEDING 


Seeding is always required when a unit 
is started up, except in the case of MWW 
sludge and liquid manures. 


Special precautions must be taken 
when treating effluents from chemical 
plants, paper pulps, etc., and in general, 
whenever natural seeding of the raw water 
has been blocked (alkalinization, sharp 
temperature increase, high salinity). The 
quantity of seeding sludge must be as 
great as possible in order to reduce 
start-up time. 


Initially, the loading rate must be lim- 
ited, and sludge losses will be relatively 
. large (acclimatization). Given the low rate 
of microorganism synthesis (0.1-0.2 kg 
VS per kg of BODs removed), the choice 
of seeding material is critical. 


The activity of the seeding sludge must 
be monitored, and the location of the 
sampling point is also important. To limit 
the quantities of sludge to be transported, 
sludge (except from attached growth sys- 
- tems) can be thickened by centrifuging or 
filtration (GDE, Superpressdeg). These 
operations must be monitored with re- 
spect to storage time, polymer dosage, etc. 


After a reactivation period of a few 
days (for temperature stabilization), the 


COD load applied should be approxi- 
mately 0.1 kg/kg VS.d; it is then gradu- 
ally increased to maintain a VFA/M alk. 
ratio of less than 0.2, and a pH close to 7. 

It is reasonable to expect to double the 
load every 10-20 days, depending on raw 
water characteristics and the process 
implemented. 


e Type of seeding sludge 


The following may be used: 
- acclimatized sludge, 
- digested MWW sludge, or 
— livestock refuse (cattle, pigs). 


The parameters used to monitor the 
seeding sludge selected are: 
- kg of COD removed per kg of VS per 
day, 
— m’ of gas per m’ of reactor capacity per 
day, 
— pH and operating temperature, 
- %NS. 


e Required sludge quantities 


Analift 3-5 kg VS per m’ of reactor 
capacity; 

30% of reactor capacity as 
granulated sludge (start-up 
in a few months) or 
10-20% of reactor capacity 
(prolonged start-up period); 
3 kg VS per m° of reactor 
capacity; 

< 10% of reactor volume. 


Anapulse 


Anafiz 
Anaflux 
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4.2. 
OPERATING 
PARAMETERS 


During normal operation, the follow- 
ing parameters must be monitored: 
— temperature: generally 35°C + 2°, 
~ VFA: normally < 500 mg" , 
- VFA/M alk.: < 0.2, 


- pH: = 7, 

— gas production: approximately 0.4 + 
0.05 m° per kg of COD removed, 

- % CQO» in the biogas (must remain 
constant). 

In most cases, if malfunctions occur, 
the load must be reduced; the parameters 
listed above should be checked more fre- 
quently and any deficiencies (nutrients, 
trace elements, toxic substances) reme- 


died. 











FILEFERS 


The enormous variety of ways in which —- (open) gravity filters, made of concrete 
granular or precoat filtering media can be or metal, 
used, means that a large number of filters — special filters. 
have been designed accordingly. The 
major groups are as follows: efor precoat filters, depending on the 


e for granular media, depending on hy- SUPPOF: 
draulic conditions during use: - candle filters, 
— pressure filters, - frame filters. 
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1. FILTERS USING 
GRANULAR MEDIA 


The technical considerations common 
to the various types of filters which use 
granular media are summarised below; 


these relate to: 
— operating conditions; and 
— internal arrangements for backwashing. 





rE 
OPERATING 
CONDITIONS 


e Cycles 

Almost all filters using granular media 
operate in cycles which include a final 
backwashing. 

The essential parameter which limits 
the duration of these cycles is head loss, 
but in addition to a maximum acceptable 
head loss, it is also possible to use other 
parameters, such as: 

— filtered volume or time (8 hours, 24 
hours, 48 hours, etc.), 

— turbidity, which can be monitored by a 
turbidimeter. 


Maximum head loss is determined 
by: 
— the available hydraulic head (gravity 
feed head or pump curves, which in turn 
are selected on the basis of an acceptable 
energy consumption value), 





ee 
SUPPORTS 
FOR THE MEDIA 
Since the effective size of the media 


can, in practice, vary from 0.35 mm 
(garnet) to 2 mm (sand) or 5 mm 


— maintaining the quality of the fil- 
tered water over the entire cycle, with 
varying levels of suspended solids depend- 
ing on the intended use of the water. This 
is essential for make-up water or drinking 
water. For certain grades of industrial 
water, this condition may not be imposed, 
and pressure filters can be used with high 
head losses (0.5 to 1.5 bar); all that is 
then important is the average quality of 
the water. 


e Resuming production 

In a filter battery, a backwashed filte: 
must not be subjected to excessive flow 
when it is brought back on line. The risk 
becomes greater, the smaller the number 
of filters; equal distribution ensures the 
best filtered water quality. 

In some cases, it is advisable to discard 
the first bed volumes of filtered water that 
are too highly loaded (very rapid fil- 
tration, no prior clarification of the water, 
etc.). 


(anthracite), it can be supported: 

- either by a floor fitted with nozzles 
perforated with slots much smaller than 
the size of the media; or 

- by a support layer (gravel, garnet, 
etc.), especially if the dimensions of the 
filtering media and the slots in the noz- 
zles are not compatible. This support 


1. Filters using granular media 


layer, between 5 and 40 cm deep, can 
consist of two to four sublayers of inter- 
mediate grain sizes, depending on the 





media and the distribution system (lat- 
erals or nozzles). 





Wes 
BACKWASHING DENSE 
MEDIA FILTERS 


These filters are always washed in up- 
_ flow, using one or two fluids (see page 


192). 


1.3.1. Distributing 
the washing fluids 


A system to distribute one or both of 
these fluids must therefore be provided 
beneath the filtering media; air requires 
special arrangements. There are two pos- 
sible types of device: 

- simple distribution mains for water 
backwash alone, 

- air cushion devices placed beneath the 
floors or in special headers. 


1.3.1.1. Devices for water backwash 
alone 


These can consist of laterals connected 
to a central box, or a transverse distribu- 
tion main. The laterals are fitted with 
orifices or nozzles which distribute the 
water. 


1.3.1.2. Air cushion devices 


Stemmed nozzles are used to maintain 
the air cushion that is needed to distribute 
this fluid. Figure 430 shows a section of a 
long-stem nozzle fastened to a concrete 
floor during the water and air washing 
stage. 








Figure 430. Nozzle during the air and water filter 
washing stage. 








Figure 431. Air cushion devices for metal filters. 
(a) header type; (b) under-floor type. 
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This nozzle has a head with fine slots 
which block passage of the filtering 
media, and a stem consisting of a tube 
which has a hole at the top and a slot at 
the bottom. 

Air injected under the floor forms a 
cushion which, once it has been formed, 
supplies the holes and slots of the noz- 
zles, providing an air/water mixture 
which is thus distributed over the entire 
surface of the filter. This particularly effi- 
cient washing system helps to conserve 
water. 

To prevent the formation of mud balls, 
approximately 55 nozzles must be pro- 
vided for each square metre of floor, with 
a countercurrent air flow of 1 m*.h™ per 
nozzle. 

Air scour is therefore implemented in 
two ways for metal filters (Figure 431). 


1.3.1.3. Nozzles 


Two types of nozzles can be used, de- 
pending on the washing method: 
- nozzles for washing with water alone 
(Figures 432 a and b). These differ in 
terms of shape, the width of the slot, and 
the construction material. 














Figure 432 a. Figure 432 b. 


D 50 metal nozzle. D 50 metal nozzle. 


Figure 432. Degrémont nozzles for washing with 
water alone. 





Figure 433 a. Figure 433 b. 


D 25 plastic nozzle 
with sealing ring for 


D 28 long-stem plastic 
nozzle. 
steel floors. 


Figure 433. Degrémont nozzles for air and water 
washing. 


ry 


Figure 434 a. 


Figure 434 b. 


D 15 plastic nozzle for 
steel floors with 
threaded hole. 


D 22 plastic nozzle 
with sealing ring for 
concrete floors. 


Figure 434. Degrémont nozzles for air and water 
washing. 


I, Filters using granular media 


— nozzles for water and air washing: air is 
distributed via an air cushion, and the 
long-stem nozzles (Figures 433 and 434), 
specially designed for this application, 
ensure the equal distribution of air and 
water. 

Experience gained at Degrémont has 
led to the development of various types of 
nozzles that are adapted for different fil- 
tration techniques, and are made of mate- 
rials that can withstand a variety of 
aggressive environments. 


1.4. 
DEGREMONT FILTER 
TYPES 


Washing type 


1.3.2. Wash water consumption 
versus filtered volume 


Consumption is highly dependent on 
SS concentration and on the nature of the 
solids. For clarified water filtration, how- 
ever, it is possible to indicate some com- 
parative orders of magnitude: 

- 1-2% for “air and water” washing of 
single-media filters (Aquazur), 
— 3-5% for “air then water” washing of 
dual-media filters (Médiazur). 





Water alone 
Single layer of sand or anthracite 





Air and water 
Single sand layer 


Separate air scour, then water washing 
Dual-media (sand/anthracite) or single- 
media (Biolite) 

















Gravity Pressure Special 
filters filters as filters 
FC Self-washing 
Hydrazur 
FV1 FV2 Colexer 
Aquazur FH 
rey, FP 
FECM 
Médiazur Médiazur 
TENG FECB 
Vv, BY, B, GH UEPB 
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2" PRESSURE EIETERS 





These filters are constructed with coat- 
ings suitable for their applications. Provi- 
sions for discharging backwash water 
must be particularly well-designed, to 
ensure uniform water collection. 


Zale 


FILTERS WASHED 
WITH WATER ALONE 


In most cases these filters are filled 
with a single filtration layer, either sand 
or anthracite. The maximum head loss 
reached at the end of the cycle can vary 
between 0.2 and 2 bar, depending essen- 
tially on the fineness of the filtration layer 
and the filtration rate. 

Washing is achieved exclusively by 
water backflow, the velocity of which 
must be adjusted to the grain size of the 
media. The table below indicates veloc- 
ities for sand and a temperature of 15- 


i 
(Osiey |) (Oop: 0.75 0.95 


25-35 












Effective size 
(mm) 








40-50 | 55-70 | 70-90 














These filters readily lend themselves to 
completely automatic operation. Degré- 
mont has produced units in diameters of 
up to 8 metres. 





Control of washing velocity is essential, 
and can easily be provided by equipping 
the waste wash water sump with a cali- 
bration threshold. At the same time, the 
change in quality of the discharged water 
can be monitored as a way of regulating 
washing time. This time varies between 5 
and 8 minutes, depending on sand depth 
and the kinds of matter retained. 


e Possible configurations 


Lined steel Hydrazur filters for high 
filtration rates, which can consist of a duai 
column (Figure 435): 

— layer depth 0.6 m, 
— diameter 1.4 to 3 m, 
- usable for swimming pool water. 
FC filters (Figure 436): 
— layer depth 0.6 m, 
— diameter 0.65 to 3 m, 
- usable for neutralisation operations and 
filtration over activated carbon or anthra- 
cite. 


2. Pressure filters 
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1 - Upper manifold. 1 - Filter body. 
2 - Access manhole. 2 - Filtering media. 
3 - Filtering layer. 3 - Manifold. 
4 - Support bed. 4 - Raw water inlet. 
5 - Lower manifold. Wash water outlet. 
6 - Air blowdown. 5 - Filtered water outlet. 
7 — Raw water inlet. Wash water inlet. 

Wash water outlet. 6 - Air vent blowdown. 
8 - Wash water inlet. 7 - Drain. 

Filtered water outlet. 8 - Support bed. 
9 - Drain. 9 - To rewash (if necessary). 


10 - Upper filter. 


Th lower Gee Figure 436. FC filter, backwashed with water. 


Figure 435. Dual column Hydrazur filter. 
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2, 
AIR AND WATER 
BACKWASHED FILTERS 


These filters have a single layer, and are 
backwashed with air and water simulta- 
neously. 

The filter bed, which is homogeneous 
over its entire depth, is supported by a 
steel floor or a manifold, onto which rings 
are fastened and into which nozzles (metal 
or plastic, depending on the nature and 
temperature of the liquid being filtered), 
are screwed. These filters are generally fil- 
led with sand. 

The usual characteristics of this type of 
filter are as follows: 


— particle size (ES)... 0.7 to 1.35 mm 
=. BiflOwe Be a 55 m*/h.m’ 
— water flow during 

Alt SCORES Sees 5 to 7 m*/h.m’ 


— rinsing water flow . 15 to 25 m’/h.m? 
— pressure drop at end 
OLCyCe Ds eee Oi ror lt bar 


The, layer depth is essentially deter- 
mined by the filtration rate and the mass 
of solids that needs to be retained. Fil- 
tration rates are usually in the range of 4 
to 20 mh”. In industrial applications, 
this filter can be used with layer depths of 
1 to 2 m, and sand grain sizes of between 
0.65 and 2 mm. Filtration rates can be as 
high as: 

- 20-40 m.h' for rough pressure fil- 
tration of oxide-laden water, 

- 30-50 m.h™ for fine filtration of deep 
sea water, 


These filters, which are highly suitable 
for use in batteries of large-diameter 
units, have some significant advantages: 
ease of use; completely safe operation; and 
low instantaneous wash water rate, which 
reduces water consumption. 





e Possible configurations 

FV 2 filters (Figure 437): 

— Standard vertical filters for boiler water 
and process water, drinking water, etc. 

— Layer depth about one metre. 

- Diameter 0.95 to 3.2 m. 














1 - Filter body. 
— Filter media. 
3 - Floor with nozzles, 
4 — Feed basin. 
5 — Raw water inlet. 
— Filtered water outlet. 
7 — Wash water inlet. 
8 — Wash water outlet. 
9 — Air scour inlet. 
10 - Air blowdown. 


Figure 437. FV 2 filter. 





FP filters: 

— Tall cylindrical vertical filters (Figure 
438). 

— Layer depth 1.8 to 2 m. 

— Diameter 2.5 to 6 m. 

— Specific applications: steel industry, 
wastewater, biological iron removal. 


FECM filters 

— Compact, high-rate vertical filters for 
corrosive water (figure 439). 

— Layer depth of about one metre. 

—- Diameter 1.6 to 3.5 m. 

— Applications: brines, sea water injec- 
tion. 


FH filters: 

— Horizontal filters, with one or two 
troughs, with special provision for collect- 
ing wash water (figure 440). 

— Layer depth of about one metre. 

— Diameters 2.5 to 3.4 m, length up to 
| agen 

— Applications: filtration of large vol- 
umes of industrial water (lime softening, 
rolling mills, sea water). 


2. Pressure filters 





3 : 


ou tae i a / 
7 Fei 0000000 
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1 — Raw water inlet (wash water outlet). 


2 - Filtered water outlet (wash water inlet). 


3 - Air inlet. 
4 — Drain. 
5 — Vent. 
6 — Access hole. 
7 - Manhole. 
8 — Nozzles on manitold. 
9 — Filter media. 
10 - Wash water collection trough. 


Figure 439. FECM filter. 





Figure 438. Sea water filtration skid for injection purposes. Shell installation at Fulmar (North Sea). 


Capacity: 1400 m’.h". 
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5 - Wash effluent. 

6 - Wash effluent collection troughs. 
7 - Filtering media. 

8 - Floor with nozzles. 


1 - Raw water inlet. 

2 - Filtered water outlet. 
3 -— Wash water inlet. 

4 — Air scour. 
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Figure 440. FH two-trough filter. 


Paso 

FILTERS FEATURING 
SUCCESSIVE AIR SEOUR 
AND WATER WASHING 


The filters just discussed can also be fil- 
led with a layer of lightweight media 
(anthracite, activated carbon, Biolite), or 
with two layers of different media (dual- 
media filters). Washing these filters 
requires two successive phases (see page 
194). 

Before air scour, the water level must 
be lowered. 

When the fine media of the dual- 
media consists of sand, the backwash 
water rates that must be provided are 
those shown in the table for filter back- 
wash water alone, for the same sand size. 
These flow rates are higher than those 
used for single-media filters: the piping, 
valves and wash water pump must be 
sized accordingly. Moreover, expansion of 
the filter bed means that the collection 
system for the wash water must be ele- 
vated. 





TIZZeg 


NOU 





1 - Raw water inlet (wash water outlet). 

2 - Filtered water outlet (wash water inlet). 
3 - Air inlet. 

4 — Drain. 

5 - Vent. 

6 - Manifold wich nozzles. 

7 — Level detector. 

8 - Filter media. 

9 — Wash water collection system. 


Figure 441. FECB filter 





e Possible configurations 

FECB filters: 

— Compact vertical filters for corrosive 
water or sea water (figure 441). 

— Layer depth of about one metre. 

— Diameter 1.6 to 3.5 m. 

- Applications: in-line coagulation, iron 
removal, lime softening. 

FPB filters: 

— Vertical filters with a deep layer of 
large-grain media, for water from rolling 
mills and oily waste water (figure 442). 
— Layer depth 2 m. 

— Diameter 2.5 to 6 m. 

- Applications: rolling-mill water, oily 
waste water. 


The characteristics of dual-media filter 
beds are as follows: 


FECB filters | FPB filters 


Combination 1 


Sand, NES 


(mm) 


Anthracite, NES 
(mm) 











2. Pressure filters 


SS 


fceettenanca Bld 
Nee ene 





1 - Vent. 

2 - Wash water collection trough. 
3 = Air scour inlet. 

4 — Wash water outlet. 

5 -— Raw water inlet. 

6 - Filtered water outlet. 

7 - Wash water inlet. 

8 — Floor with nozzles. 

9 - Sand. 
10 - Anthracite. 


Figure 442. FPB filter. 
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3. GRAVITY FILTERS 


Most filtration plants designed to sup- 
ply drinking water, as well as many high- 
flow rate installations for clarifying indus- 
trial or wastewater, use (open) gravity fil- 
ters, generally made of concrete. 

Depending on the particular case, the 
water being filtered is either fed with no 
reagent, or it is simply coagulated with no 
settling phase, or it is coagulated, floccu- 





ee 
FILTERS BACKWASHED 


BY AIR AND WATER 


These filters are backwashed by a 
simultaneous high air flow and a reduced 
flow rate of water, followed by a rinse at a 
moderate flow rate that does not cause the 
filter bed to expand. 

The major types are: 

- Aquazur T filters, used at filtration rates 


lated, and settled. The last process is the 
most often used. The treatment method 
influences the technological design of the 
filters, and especially the overall design of 
the filter battery. 

Gravity filters operate at filtration rates 
between 5 and 20 m.h”, and can be 
washed either with air and water simulta- 
neously, or with air followed by water. 


between approximately 5 and 10 m.h", 
- Aquazur V filters, used at rates be- 
tween 7 and 20 m.h", 


- FV 1 filters, 
— Greenleaf filters. 


3.1.1. Aquazur T filters 


These are characterised by: 
- a filter bed, with a homogeneous parti- 
cle size that remains homogeneous after 





Figure 443. Aquazur filter. Air and water backwash phase. 





washing and a depth generally between 

0.80 m and 1 m, 

— an effective media size between 0.7 

and 1.35 mm, 

— a shallow water depth above the sand 

(0.50 m), 

- a reduced available head, generally 2 

metres, which prevents excessive clogging 

from causing significant gas release. 
Depending on the nature of the water 

being treated, and its tendency to release 

gases, the maximum filtration rate can 

be between 5 and 10 m.h". 

' Aquazur T filters are equipped with 
type D20 long-stem nozzles screwed into 
a floor that can consist of: 

— slabs of reinforced polyester (figure 
444), 

— slabs of prefabricated concrete (figure 
445), or 


— a monolithic slab. 


The third type is constructed using the 
precast slab method; it has the advantage 





Figure 444. Reinforced polyester 
plate; its length is the same as the 
width of the filter cell. 


3. Gravity filters 


Figure 445. Aquazur V filters under construction: view of the filter 
floor with the nozzles, the V-shaped sweeping trough, and the wash 
water discharge trough. 





of simplified design and absence of 
joints, 

In T filters with a low surface area, air 
is distributed beneath the floor by a 
manifold of air pipes (figure 446). 

In larger filters, air is distributed by a 
concrete channel located under one of the 
wash water drainage troughs (figure 
447), 

In both cases, this air is distributed 
equally over the entire surface of the fil- 
ter due to formation of an air cushion by 
the long-stem nozzles. 

T filters have three main valves, for 
filtered water, wash water, and air scour. 


The raw water inlet is controlled by a 
clack valve which closes automatically 
during washing when the water level in 
the filter rises above the level in the inlet 
trough (figures 448 and 449). 

Wash water is discharged by overflow 
into the longitudinal troughs. 

Level control in these filters is pro- 


UES 
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1 - Sand. 2 - Concrete floor. 3 - Nozzles. 
4 -— Water inlet clack valve. 5 - Air/wash water 
distribution channel. Filtered water outlet. 

Figure 446. Aquazur T filter, with concrete floor 
and air header. 





oe 


6 - Air header. 7 - Wash water inlet. Filtered 
water outlet. 8 — Sludge discharge trough. 


Figure 447. Aquazur T filter, with concrete floor 
and air/water channel. 





Figure 448. Water inlet clack valve in open posi- 
tion (filtration). 


vided either by a partialised siphon or by 
a butterfly valve. 


The shallow water depth above the sand 
(0.50 m) is an important operating advan- 
tage: it allows very rapid rinsing, since the 
impurities being discharged are not 
diluted in a large volume of water. This 
saves both time and wash water. This type 
of filter is extremely simple to operate, and 
can be run by non-specialised personnel. 

The filters can be arranged either as 


Figure 449. Water inlet clack valve in closed posi- 
tion (filter washing). 


single filters (including one controller per 
filtration element) or as double-cell filters. 
In the latter case, the two filter elements 
communicate at the top and bottom, with 
a single controller (figure 450). 


e Washing Aquazur T filters 

These filters can be washed either 
manually, semi-automatically, or com- 
pletely automatically. 

The washing cycle is as follows: 
— setting up the air cushion, 


3. Gravity filters 
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1 - Sand. 5 - Air/wash water distribution channel. Filtered 
2 - Concrete floor. water outlet. 
3 - Nozzles. 6 - Waste wash water discharge troughs. 


4 - Water inlet flap valve. 


Figure 450. Double Aquazur T filter, with concrete floor and air/water channel. 


— injecting air and water for a period of 5 
to 10 minutes, 

— rinsing with a large flow of water until 
the water discharged to the trough is 
clear. 


The flow rates used are as follows: 
— wash water flow rate during air scour 5 to 7 m’/h.m’ 





Width (m) Surface area (m’) 


2.46 from 6.) to 2) 
3.07 fromm2 5.) to 33.) 














De iescoue How TE 0... 50 to 60 m/h.m? — for filters with air and water channels: 
EaErinsenwatenatlOw! Latea aes sen eine 20 m’/h.m? 

The instantaneous power needed dur- Width (m) Surface area (m7) 
ing washing (blower and pump) is about =] 
13 kW et m’; washing takes approxi- 3 from 24.5 to 38.5 
mately 15 minutes, excluding idle time. Be) from 28 to 52.5 
Wash water consumption depends essen- 4 from 46.5 to 70 


tially on the type of water being treated, 
and generally varies between 1 and 2% of 
the volume filtered. 


e Standard dimensions 
— for air header filters: 











These dimensions refer to single-cell fil- 
ters with prefabricated concrete slabs. For 
double-cell filters, surface areas range be- 
tween 49 and 140 m’. 
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3.1.2, Aquazur V filters 


A high filtration rate (between 7 and 
20 m.h’'), imposes certain specific tech- 
nical choices, particularly with regard to: 
- selection of the filter media and its 
depth, 

— washing method, 
— general hydraulics. 

Aquazur V filters (figure 451) are 
therefore characterised by: 

— a great water depth above the filtering 
layer - at least 1 m and in most cases 
1.20 m, 

— a single filter media between 0.8 and 
I> mm -deep, 

— an effective size for the filter media 
which is generally 0.95 or 1.35 mm 
(extreme range: 0.7 and 2 mm), 

— simultaneous air and water washing, 
accompanied by surface sweeping with 











ap on ol ay tes 0 PP 00a FD OF, A TP. FP Fi 








I - Sand. 
— Channel for filtered water, air and wash water. 
3 - Wash water drain valve. 
4 — Sweeping water inlet orifice. 
> — V-shaped trough. 
6 - Wash water outlet trough. 
Figure 451. The Aquazur V filter during the fil- 
tration phase. 
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settled water, followed by water rinsing 
with no expansion of the filter bed, again 
with surface sweeping. This sweeping op- 
eration allows faster drainage of impuri- 
ties into the waste trough, which reduces 
washing time. 


The various types of floors and control 
systems are the same for the Aquazur V 
filter as for the Aquazur T filter. 


Aquazur V filters can also be arranged 
as single filters (with one controller per 
filtration element) or as double filters 
(two cells communicating at the top and 
bottom, and a single controller). 


e Washing Aquazur V filters 
Manual, semi-automatic, or automatic 

washing is carried out according to the 

following steps (figure 452): 

— lowering the water level to the upper 

edges of the wash water trough (6) by 

stopping filtration, 

— setting up the air cushion, 

— injecting air and water along with a 

sweeping current, 

— rinsing with water, maintaining the 

sweeping current, until the water dis- 

charged into the sewer is clear. 


The flow rates used are as follows: 


- backwash with filtered water: 7 to 
15 m°/h.m?, 


— air scour: 50 to 60 m’/h.m?, 
— sweeping: about 5 m’/h.m’, 
— rinsing: 15 m°/h.m?. 
Including valve actuation times, wash- 
ing takes 10 to 12 minutes and ends 


with the filter being filled up to its nor- 
mal filtration level. 


3. Gravity filters 


e Advantages of the Aquazur V filter 


This filter combines all the features 
that ensure good filtration and efficient 
washing: 

- the water being filtered is continually 
delivered to the filter, completely or par- 
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Figure 452. Aquazur V filter. Air/water washing 





phase with surface sweeping. 
3, 4, 5, 6 - See figure 451 opposite. 








tially, for the entire washing period to 
provide surface sweeping; during this pe- 
riod, the other filters in the battery do not 
experience sudden increases in flow rate or 
filtration rate, 


— it is especially suitable for high fil- 
tration rates, for which sand depths of be- 
tween | and 2 m can be used, 


— it retains positive pressure over the 
entire sand depth, and during the entire 
filtration cycle, 


- its washing method, with no expan- 
sion, prevents any hydraulic reclassifica- 
tion of the filter bed, 


— during washing, the filtered water 
backflow rate is low, which reduces equip- 
ment requirements and energy consump- 
tion, 


Figure 453. Treatment plant at Pertusillo (Italy). Battery of 14 double Aquazur V filters. Capacity: 16,200 mh", 
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— the washing method, using water back- 
wash during the entire air scour period, is 
combined with the surface sweeping 
action. Water loss is the same as with 
Aquazur T filters, 


— filtration is resumed by raising the 
water level, which produces a gradual re- 
start after washing regardless of the type 
of control element used. This progressive 
restart can be extended, if desired, over a 
period of 15 minutes, 

— lastly, the use of constant-flow pump 
washing eliminates the need for an ele- 
vated water tank, with all the drawbacks 
resulting from such systems. 


e Standard dimensions 


Width (m) Surface area (m’) 


from 24.5 to 38.5 
from 28 to 52.5 
from 46.5 to 70 
from 56 to 79 
from 70 to 105 










OP3, 








These dimensions refer to single-cell fil- 
ters with prefabricated concrete slabs. For 
double-cell filters, surface areas range be- 
tween 45 and 210 m*. 


3.1.3. FV 1 filters 


These are (open) gravity vertical 
metal filters, identical to the Aquazur fil- 
ters in terms of control system (siphon, 


butterfly valve) and the water and air 
wash system. 

The depth of the filter media (generally 
sand) depends essentially on the filtration 
rate and the solids load that needs to be 
retained. 

The characteristics of these filters (fil- 
tration rate, wash water and air flow 
rates) are identical to those of the Aqua- 
zur filter. 


3.1.4, Greenleaf filters 


The Greenleaf system is used with a 
battery of gravity filters, washed by water 
backflow only. 

The main element in the Greenleaf sys- 
tem is the central control and distribution 
unit. This can control four or more fil- 
tration cells, which can be circular, square, 
or rectangular. 


e Filtration 

The water being filtered (figure 454) is 
brought to the central unit through an 
annular steel distribution trough (1). 

The inlet siphon (2) of each filtration 
cell brings the water for filtration into the 
inlet chamber (3) of each cell, which is 
equipped with a splitting weir (4). These 
constant-level influent weirs act as flow 
controllers. 

The filtered water is collected in a 
chamber (5) shared by all the filtration 
cells, and leaves it over a weir (6) which 
continually maintains a positive head 
above the filter media (12). 


3. Gravity filters 




















1 - Raw water. 8 - Washing siphon control valve. 

2 - Siphon. 9 - Washing siphon. 

3 - Inlet chamber. 10 — Vacuum chamber. 779 
4 - Inlet weir. 11 - Wash water collection trough. ——an 
5 - Filtered water outlet chamber. 12 - Sand. 

6 — Filtered water outlet weir. 13 - Wash water drain. 


7 - Inlet siphon control valve. 
Figure 454. Greenleaf filters during filtration. 








Figure 455. Greenleaf filters with one cell being washed. 
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e Washing 

When a cell reaches maximum water 
level, washing is initiated (figure 455): 
the inlet siphon (2) for the cell is 
unprimed by opening the valve (7). The 
water level then drops down to the weir 
(6). 

The other cells continue to operate. 

Closing valve (8) allows the washing 
siphon (9) to communicate with the 
vacuum chamber (10). Water then rises 
in the siphon, from both the wash water 
discharge tank and the central column 


o> 

FILTERS BACKWASHED 
SUCCESSIVELY 

BY AIR AND WATER 


These filters are filled with: 
- a single layer of lightweight media 
(anthracite or activated carbon); or 
- two layers of different media (e.g., 
sand-anthracite), 

There are two types: 
— Médiazur filters with a shallow water 
depth and filtration rates between 5 and 
10 m.h™ (Médiazur T and G), 
— Médiazur filters with great water depth 
and filtration rates between 7 and 
20 m.h™ (Médiazur V, BV, B and GH): 


3.2.1. Médiazur T and G filters 


These filters are designed for use with 
granular activated carbon (GAC). 

The T filter is used in the first fil- 
tration stage immediately after settling, 
while the G filter is used in the second 
stage after sand filtration. 

The filter media used for second-stage 
filtration is finer, with an ES of about 


of the filter, until priming occurs. 


Wash water from the central filtered 
water reservoir then passes in counter- 
current through the filter media, is col- 
lected in the trough (11), passes 
through the siphon (9), and is then dis- 
charged through the drain (13). 


When the filter media is clean, the 
siphon (9) is unprimed by opening 
valve (8). The system is then switched 
back to filtration mode by closing valve 
(7) and repriming the inlet siphon (2). 


0.55 mm. To prevent this media from 
being carried over, the wash water must 
be collected over a considerable length: 
several transverse troughs are installed in 
the Médiazur G filter. 


These filters are identical in design to 
Aquazur T filters, differing in terms of 
washing conditions and raw water admis- 
sion. 


The washing sequence is as follows: 
— draining down to the level of the filter 
media, 
— setting up an air cushion, 
— air scour alone (55 to 70 m*/h.m’), 
— blowing down the air cushion, 
— rinsing with water alone until the water 
drained to disposal is clear. This rinsing 
reclassifies the media. 


Raw water cannot be admitted 
through clack valves, since washing begins 
with a drain down phase. The inlet sys- 
tem comprises an ait plug valve that is 
inflated with pressurised air (figure 457), 
and a broadcrested weir at the water inlet 
¥ prevent any undermining of the filter 

ed. 








3. Gravity filters 





a z 
Figure 456. Facility at Louveciennes (Paris area, France). Capac- 
ity: 5,000 m’.h". 781 
24 Médiazur G filters. (a) Overall view. (b) Detail. 





Figure 457. Inflatable air plug valve. 


3.2.2. Médiazur V, BV, B and GH The three types are: 


filter: 5 E 
Iters — activated carbon filters used for first- 
Used with filtration rates of between 7 _ stage filtration (Médiazur V), 


and 20 m.h"'; except for the wash and 
water inlet method, the design is identical - activated carbon filters used for second- 


to that of Aquazur V filters. stage filtration (Médiazur GH), 


782 


Chap. 13: Filters 


— dual-media filters (Médiazur B and 
BV); Médiazur B is washed without 
sweeping, Médiazur BV with sweeping. 


The following features are common 
to the Médiazur V, BV, B and GH 
types: 

— one or more air plug valves, to com- 
pletely isolate the flow of raw water dur- 
ing the drainage and air scour phases. In 
Médiazur BV filters, these air plug valves 
also partially isolate the feed rate to pro- 
vide surface sweeping at a restricted 
velocity, 

- an electrode located above the top of 
the filter bed, to stop drainage of the fil- 
ter before washing, 

— an air scour rate of between 55 and 
70 m*/h.m’, 

- a high rate of wash water backflow, 
depending on the media of the filter bed, 
to keep its expansion constant during the 
washing phase. 





The Médiazur GH filter is also 
equipped with multiple transverse 
troughs. 


The washing sequence is as follows: 
- draining down to the level of the filter 
layer either by filtration or by dumping 
to waste, 
— setting up the air cushion, 
- air scour alone, 
— blowing down the air cushion, 
- rinsing with water alone, at a high 
rate, to expand the filter layer, force out 
impurities dispersed over its entire depth 
by the air scour process, and reclassify the 
media. 


In Médiazur BV filters, this washing 
phase is accompanied by readmission of 
water for filtration through the inlet 
troughs, to provide surface sweeping 
which enhances the discharge of impuri- 
ties. 





> sD 


Figure 458. LE-Dumez facility at Moulle (Northern France). Capacity; 2,000 m?.h". Battery of seven 
Mediazur V filters for granular activated carbon filtration. 





3. Gravity filters 
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Figure 459. LE-Dumez facility at Morsang-sur-Seine (Paris area, France). Capacity: 3,800 m’.h', Phase III 
extension. 6 covered Médiazur GH filters for granular activated carbon filtration. 
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4. SPECIAL FILTERS 


4.1. 

SELF-W ASHING 
VALVELESS 
FILTERS 


These filters operate completely inde- 
pendently and automatically, in both fil- 
tration and washing modes. The water for 
filtration comes from a head tank and, af- 
ter filtration through a fine grain-size 
layer, rises back up to the overhead fil- 
tered water reservoir. When the reservoir 
is full, the water exits for use by overflow. 


When the filter layer becomes clogged, 
the level rises in the head tank and in the 
upstream branch of a siphon. When the 
maximum head loss is reached, the com- 
pressed air contained in the siphon escapes 
and the siphon is primed. The contents of 
the filtered water reservoir pass through 
the filter layer in countercurrent, thereby 
washing it. 


This type of filter offers a guarantee 
that abnormal clogging of the filtration 
bed will never occur, since washing takes 
place automatically at a fixed, prede- 
termined head loss value. 


These filters are particularly useful 
where neither compressed air nor electric- 
ity are available. They are suitable for 
water with low to moderate SS levels, in 
cases where the distribution network will 
tolerate an interruption during the period 
when wash water capacity is being re- 
stored. 


Because of the fineness of the sand 
(NES 0.55 or 0.65 mm) and the shallow 
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depth of the bed, retention capacity is 
fairly low and filtration rates, which in 
practice are generally 5 to 7.5 mh‘, 
should not exceed 10 m.h”'. 


These filters are used: 
- for direct filtration with no coagulant 
ot flocculant (except in specific cases), and 
for water that provokes little clogging 
(open recirculating cooling systems), 
- for filtration of settled water. 


They are built for diameters of between 
1.6 and 4 m. 





Figure 460. Facility at La Casella (Italy) for the 
Enel-La Casella thermal power plant. Capacity: 
300 m?.h". 





42. 
THE MEDIAZUR 
BIFLOW FILTER 


4.2.1. Operating principle 


The Meédiazur biflow filter is a filter 
specifically designed for use in second- 
stage GAC filtration. It consists (Figure 
461) of two filtration cells (1) and (2), 


housed in the same enclosure (3), Each of 


.these cells has a nozzle floor (4) which 
supports a layer of activated carbon (AC, 
and AC). 


The water to be treated, which has al- 
ready been clarified and filtered, enters 
through the pipe (5) equipped with an 
inlet valve (6); it then flows upward 


through carbon bed AC, then passes into 
cell 2 where it flows downward through 
carbon bed AC2, then leaves the filter 
through the filtered water pipe (7), 
equipped with an outlet valve (8). 
Located in the centre of the filter is the 
washing system, comprising a wash water 
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inlet (9) for cell 1, and a wash water and 
air inlet (10) for cell 2. Cell 2 is equipped 
with transverse troughs (11) for collecting 
the wash water, which drains into the 
main drainage channel (12). 


4.2.2. Washing 


Cell 1, which operates in upflow, needs 
only water washing. 


The washing sequence is as follows: 
— stopping filter operation, 
- draining raw water down to the sludge- 
laden water outlet weir level, 
- washing with water in an upflow 
mode. The flow rate used, which will de- 
pend on the type and particle size of the 
carbon used, must be high enough to pro- 
duce sufficient expansion and good classi- 
fication of the adsorbent media. 


Cell 2, which operates with downflow, 
must be washed with air, then water. 


The washing sequence is the same as 
for Médiazur T and G filters. 
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Figure 461. Cross-section of the Médiazur bitlow filter. 
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4.2.3. Operation 


When commissioned, cell 1 and cell 2 
are filled with activated carbon. When 
the carbon in cell AC; is exhausted, it is 
extracted with a special device (13), and 
sent for reactivation. Carbon AC? is then 
transferred from cell 2 to cell 1, using the 
carbon extraction device (13) of cell 2 
and the carbon loading device (14) of cell 
1. Cell 2 is filled, using its loading device 
(14), with either new or reactivated car- 
bon. 





4.2.4. Advantages 

The configuration of this filter, with 
two cells, allows “countercurrent” contact, 
which increases the efficiency of the acti- 
vated carbon: the carbon sent for reactiva- 
tion is media that is effectively exhausted 
in terms of the quality of water being 
treated. In addition, when the filter is 
used after ozone treatment, residual ozone 
is destroyed by passing through cell 1; the 
atmosphere above the filtration cells 
therefore contains no ozone, and the cover 
over the filter does not have to be com- 
pletely sealed. 





Figure 462. Mont-Valerien facility (Paris area, France), for CEB. Capacity: 2,000 m’.h”'. Six biflow Média- 
zur filters using GAC. 





4.3. 

COLEXER 

UPFLOW OIL 
SEPARATION FILTERS 


Upflow filters (Figure 463), which 
partly use the stored filter media, have the 
advantage of providing high SS retention 
capacities but, on the other hand, upflow 
rates must be low enough to prevent 


4. Special filters 











abrupt fluidisation with resulting sludge 
carry over; in addition, the washing proc- 
ess must provide for sludge removal 
through all the media. These filters are 
advantageous in the following applica- 
tions: 

— oil separation for condensates (where 
the oil coalescence function must take 
precedence), with continuous oil collec- 
tion, 

—- oil separation for “oil-field water” 
(where the filtration function can be of 
-_greater relative importance). 





TSE os 


Figure 464. Treating oily condensates. Capacity: 
90 mh". 


EEL 





1 - Raw water inlet. 5 — Wash water outlet. 
2 - Treated water outlet. 6 - Wash fluids. 

3 - Coagulant. 7 - Oil recovery. 

4 — Air scour. 8 - Polyelectrolyte. 


Figure 463. Diagram of the Colexer process. 
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4.4. 
PRECOAT FILTERS - 
CANNON FILTERS 


These units can provide very fine fil- 
tration of water with extremely variable 
SS levels, such as nuclear condensates and 
yeast suspensions. 

They replace candle filters for micro- 
filtration when the water cannot be fil- 
tered without a precoat, or when a thick 
cake forms rapidly and must be dis- 
charged with a low quantity of wash 
water. These installations are therefore 
characterised by the maximum cake vol- 
umes and by the conditions of washing or 
cake discharge. 


4.4.1. Washing 


In order for a washing process to be 
efficient, the retained solids which have 
attached to the precoat must be com- 
pletely detached from the support candles. 


phgea>< jee Sic jars 


Segoe emer 
! ! 


i 
4 Precoat preparation 
pump 


Figure 465. Cannon precoat filter. 


release 
column 


Recycling 


This can be achieved with hydropneu- 
matic washing. Mechanical cleaning is 
used especially with filters used for clar- 
ification of slurries, in which a dry cake is 
reused. 

A standard hydropneumatic washing 
sequence operates as follows: 

_ After the filter has been stopped and its 
upper part is vented to the atmosphere, 
partial drainage is used to set up an air 
cushion. The vent valve is closed, and the 
air cushion is compressed using the pres- 
sure from the supply pump. The valve 
located at the filter base is then opened 
suddenly; the sudden air release forces the 
water through the candles from inside to 
outside, detaching the deposits. The filter 
is then drained and the candles are rinsed. 


4.4.2. Filter design 

Filter design is determined by the 
shape of the support (candles or plates) 
and the washing method. 


TW 












——— Air purge 
eescece Compressed air 

eee Vain circuit 

weremiee Precoat application circuit 
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Figure 466. Shell Brent facility (North Sea). Flow rate: 2100 m’.h™', Candle filtration skid. 


4.4.2.1. Candle filters 


Cannon filters (Figure 465) consist of a 
sealed cylindrical casing, inside which are 
located a certain number of vertical can- 
dles, fastened onto a support plate. These 
candles are perforated, hollow stainless 
steel cylinders, onto which is wound a 
thin layer of synthetic fibre thread which 
forms a sleeve: the precoat media is first 
made into the form of a dilute suspension 
and then applied onto this sleeve. 


These filters have: 
— diameters of between 0.8 and 1.8 m, 
-— a filtration surface area of 15 to 
378 m’ (120 to 624 candles). Filtration 
rates are berween 2 and 15 m.h”, de- 
pending on the composition and concen- 
tration of the suspension. 


e Cannon washing 

An air cushion is formed in the upper 
part of the filter; then, once the filter has 
been isolated, compressed air is injected 


under the candle support plate. This air 
forces a certain volume of water through 
the candles towards the top of the filter, 
thus pressurising the air cushion at the 
top. The air located under the plate 1s 
then abruptly released by venting it to the 
atmosphere: water then passes from the 
inside to the outside of the candles at a 
very high rate. This “Cannon” effect 
abruptly and instantaneously detaches all 
the deposits, which fall to the bottom of 
the filter. The process ends with a drain- 
age step. 

This type of washing makes it possible 
to use very long candles, eliminates any 
danger of irreversible clogging, and 
requires a minimal quantity of water. 

Cannon filters can be used with low- 
solids water, and generally feature very 
long cycle times between washes: 

— PWR and thermal power plant con- 
densates (various resins), 

— deep sea water injection (diatomaceous 
earth or perlite), 
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- recovery of oily condensates (diatoma- 
ceous earth), 

- final clarification prior to reverse osmo- 
sis, 

— production of ultrapure water. 


4.4.2.2. Frame or disc filters 


These filters include fixed or rotating 
discs or frames, placed horizontally or 
vertically. These elements are in turn 
covered with a support cloth. There is a 
wide variety of types, with simple or 


shaped plates, aimed at producing homo- 
geneous distribution of the deposits. 
However, the backwash methods, 
whether or not combined with move- 
ment of the filtration supports, are not as 
effective as hydropneumatic washing, 
which is desirable for high-rate filtration 
systems. 


These filters are therefore used primar- 
ily for slow filtration of suspensions, and 
with very short cycles: hydrometallurgy, 
pharmaceutical industry, and AFI. 


5. Control and regulation of filters 


5. CONTROL AND REGULATION OF FILTERS 





A battery of filters can consist of any 
number of filters, to which water must 
be supplied as evenly as possible; it is 
especially important to prevent excessive 
flow to any one filter. This problem 
requires particular attention when only 
two or three filters are being used in par- 


~ allel. 


In pressure filter batteries, the inlet 
pressure is generally high and control 


ae 

CONSTANT RATE, 
VARIABLE HEAD 
FILTERS 


These filters have a constant flow rate 
and variable level (Figure 467). 

The total flow being filtered is distrib- 
uted equally at the filter inlet, where 


methods can be simple: an orifice plate 
and possibly a regulating valve. 

Gravity filters can be classified into 
three major hydraulic operation types: 
— constant rate, variable head type, 
— constant rate, with a controller, 
- variable flow rate (or declining rate). 


The total flow rate treated by the filter 
assembly must be equal to the flow rate 
entering the filter battery. 


water falls from a height that varies de- 
pending on the state of clogging. When 
the filter is clean, the sand is just covered 
by water, whose level (1) is kept constant 
by the height of the filtered water outlet 
weir. At maximum clogging, the level 
reaches the height of the inlet water level 
(2): 

In general, the elevation of this water 
level is between 1.50 and 2 m, depending 








1 - Minimum level, clean filter. 








ter. 


Figure 467. Aquazur V, constant rate, variable head filcer. 


2 - Maximum level, clogged fil- 
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on the particle size of the filter media. 
This elevation is lower (0.80 to 1 m) 
when the filter contains, instead of a filter 
media, a neutralisation product 


D2 

CONSTANT RATE, 
COMPENSATED 
CLOGGING FILTERS 


The water level above the filters is ei- 
ther fixed or changes very little; the fil- 
tered water is discharged 2 to 3 m lower 
down, at a constant flow rate that is equal 
to the total incoming flow rate divided by 
the number of filters. 

A constant flow rate is maintained, 
regardless of how clogged the filters are, 
by a controller located at the outlet of 
each filter, which acts either as a rate con- 
troller or a level controller, and primarily 
ensures equal distribution. This element 
creates an auxiliary head loss which is 
large when the filter is clean and becomes 
negligible when the filter is completely 
clogged; the controller compensates for 
clogging of the filter bed. 


9.2.1. Control of a battery of filters 


Two types of control are generally used: 
control with flow measurement; and con- 
trol to maintain a constant level. 


5.2.1.1. Control with flow measure- 
ment 





Each filter is equipped with a controller 
located on the filtered water flow rate, the 
purpose of which is to produce a constant, 
identical output for all the filters. The fil- 
tered water flow rate is measured by a pri- 
mary negative pressure element (venturi, 


which theoretically has no filtering action. 
This is the case for Neutralite filters, for 
which this variable level operating 
method is commonly used. 


nozzle pipe, etc.) which sends a signal to 
the controller, which in turn compares the 
signal to the current flow rate set point. 
Depending on the discrepancy, the con- 
troller closes or opens the device which 
controls the rate (butterfly valve, dia- 
phragm valve, siphon) until the measured 
and set-point values are equal. 

This control mode is used both for bat- 
teries of pressure filters and for gravity fil- 
ters. 

In the latter case (discussed in more 
detail below), there is nothing to maintain 
a certain water level above the filters. An 
additional controller must therefore be pro- 
vided to adjust this level depending on the 
control mode used for the plant as a whole. 


e With upstream control of the 
overall system (figure 468), a central 
element detects the incoming flow rate 
and adjusts the individual set-point rate 
of the filters. If the incoming flow rate 
increases, the level upstream of the filters 
rises and the central detector increases the 
set-point rate for the filters until the com- 
mon upstream level stabilizes, i.e., there is 
adequacy between the filtered water flow 
rate and the flow entering the plant. 

With this system, the change in water 
level above the filters can be as much as 
30 cm. The flow rate of water for treat- 
ment can be established either by a pro- 
gram, or on the basis of the level in the 
filtered water tank. 


e With downstream control of the 
overall system (figure 469), a central ele- 
ment detects the level in the filtered water 


5. Control and regulation of filters 


reservoir and adjusts the individual set- 
point rate of each filter accordingly. Another 
central controller, located in the filter feed 
channel, detects the water level and acts on 
the actuator controlling the flow rate enter- 


1 - Pneumatic raw water inlet valve. 

2 - Settling tank. 

3 - Settled water channel, supplying the filters. 
4 - Transmitter to pneumatic controller. 

5 - Orifice admitting water to the filcer. 

6 - Automatic water inlet clack valve. 





ing the plant, so as to provide the filters 
with a flow rate equal to their set-point rate. 

The change in water level in the trough 
and the filters can again be as much as 
30 cm. 


7 - Filter. 
8 -— Venturi. 
9 — Control valve. 
10 - Filter rate controller. 
11 - Pneumatic transmitter indicating level in the 
treated water tank. 











Figure 468. Control with flow measurement. Upstream control. 














Figure 469. Control with flow measurement. Downstream control. 
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1 - Clarified water channel. 

2 - Orifice plate. 

3 - Inlet clack valve for settled water. 
4 - Clogging indicator. 


5 - Concentric siphon. 

6 - Filtered water chamber. 

7 - Partialisation box. 

8 — Filtered water outlet weir. 


Figure 470. Equal distribution and upstream control for Aquazur filters (maintaining a constant level). 


5.2.1.2. Control to maintain a con- 
stant level 


A constant level can be used as a 
means of producing a constant flow rate 
from each filter. In this case, the first task 
is to distribute the total flow equally 
among the filters, the outlet valves of 
which are governed by the constant level 
upstream (or in some cases downstream), 
which is taken as a reference. 

With upstream control (figure 470), 
the flow rate entering the plant is first dis- 
tributed equally to the inlet of each filter, 
which thus receives a flow rate equal to 
the incoming flow rate divided by the 
number of filters. 

Each filter is equipped with a control 
element which detects the upstream level, 
which it keeps constant by acting on the 
outlet flow controller. 

Because the upstream level is kept con- 
stant, the outlet flow is equal to the 
incoming flow and clogging is compen- 


sated for until it reaches a maximum level 
which depends on the available head. 

When a filter is shut down, the total 
incoming flow is automatically distrib- 
uted over the filters that are still in service 
(except with surface sweeping filters, 
where water is continuously supplied to 
the filter while it is being washed). 

With this constant level control mode, 
equal distribution of the flow is imple- 
mented simply and reliably by static de- 
vices (orifice plates, weirs, etc.). This 
eliminates the discrepancies between total 
filtered flow and incoming flow that can 
occur with control systems that use flow 
rate measurements. 


5.2.2. Filter controllers 


The Dégremont concentric siphon 
and its partialisation box (figure 471) 
can be used as a level control system in 
which the partialisation box is the detec- 





tion and control element, and the siphon 
is the regulating element. 
e Siphon 

The siphon consists of two concentric 
tubes, in which flow occurs from the 
internal branch into the external (periph- 
eral) one. 

If air is introduced into the upper part 
of the siphon, this air is carried along by 
the water into the downstream branch, 
where the specific gravity of the air/water 
mixture drops, thus decreasing the vacu- 
-um at the neck. With no partialisation 
air, the vacuum at the neck is equal (dis- 
regarding the head loss in the downstream 
branch) to the head H between the water 
level in the filter and the water level in the 
downstream filtered water chamber. With 
air partialisation, this vacuum is reduced 
to a height “hi” which is equal to “H” 
times the specific gravity of the water/air 
mixture. The difference H - hi = hp rep- 
resents the head loss created by the addi- 
tion of air (figure 472). 

If hi represents the clean filter head loss 
due to filtration through the bed, the 
floor, and the filtered water discharge pipe 





Figure 471. Figure 472. 


5. Control and regulation of filters 





down to the siphon neck, h2 represents the 
available clogging head for the filter bed. 

When the filter is clean, one therefore 
simply introduces enough air to create a 
head loss ho, and as the filtration bed 
becomes clogged, the rate of air is then 
gradually reduced to zero to bring hi up 
to H. 


e Partialisation box (figure 473) 

This element (B) introduces air at the 
top of the siphon to control its flow rate. 
It can be depicted schematically as a flap 
valve (C) suspended from a spring (D) 
attached at a point (F) (figure 472). 

As a first approximation, at constant 
flow, F is fixed. The filter gradually 
becomes clogged; its output decreases, 
which causes a decrease in the specific 
gravity of the water/air mixture and 
therefore in the vacuum hy, at the neck 
and in the partialisation box housing. The 
cross section and therefore the air flow 
rate are then reduced by the action of the 
spring; the specific gravity of the water/ 
ait mixture increases, producing a height 
hi which is greater than the height exist- 





Figure 473. Partialisation box. 
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ing before clogging; the quantity of air 
introduced into the siphon decreases. 
When the filter is completely clogged, no 
further air is introduced at all; the filter 
delivers water at the maximum geometric 
head H. If it is not washed at this point, 
its outflow rate will start to decrease. 

The partialisation box thus provides 
automatic clogging compensation. It can 
also be used to adapt the filter flow rate to 
the total flow being filtered, simply by 
linking the height of point F with the 
box’s float level. An increase in flow will 
correspond to a rise in point F and a 
decrease in the quantity of air entering the 
siphon. The head loss hz will decrease, 
causing an increase in the flow rate dis- 
charged through the siphon. 


e Vacuum gauge to indicate head loss 
By placing a vacuum gauge at the neck 
of the siphon, it is possible to measure the 
vacuum h; which represents the head loss 
through the filter and its pipework. 


e Priming the siphon 
A simple way of preventing filter re- 
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Figure 474. Bombay I plant (India). Maximum capacity: 87,500 m?.h”'. Production of drink 


starts from producing an abrupt increase 
in flow rate until the water surface (which 
carries the partialisation box float) reaches 
its normal level, is to provide for gradual 
displacement of point F, or for an auxilia- 
ry air input which gradually decreases to 
zero. 

When an Aquazur filter with a shallow 
water level is controlled from upstream, 
this auxiliary air input is controlled by a 
clack valve installed on the box. 


The regulated element is a hydrau- 
lically or pneumatically actuated valve 
installed on the filtered water outlet pipe. 

Figure 475 shows the operating princi- 
ple of an electronic control system. 

A strain gauge pressure sensor (6) gen- 
erates an electrical signal proportional to 
its immersion depth: this signal is com- 
pared to a level set-point value which is to 
be kept constant. Any discrepancy be- 
tween the measured value and the set- 
point value that exceeds the threshold 
defined for the system is expressed within 
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declining rate Aquazur V filters. Surface area per unit: 151.4 m/. 
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Control and regulation of filters 














1 - Filter bed. 

2- Filtered water outlet 
valve. 

3 - Valve control jack. 

4 — Solenoid valve to con- 
trol jack actuating liq- 
uid. 

5 - Dégremont controller. 
6 - Pressure sensor to 
measure filter level. 

7 - Under-floor pressure 
sensor. 

8 - Potentiometer on 
valve shaft. 

9 - Clogging indicator 
(optional). 

10 - Control fluid supply 
to jack. OT, 


Figure 475. Diagram of the electronic control system for a filter. 


the electronic controller (5), after identi- 
fication of the direction of the dis- 
crepancy, by opening of one of the two 
solenoid valves (4) placed in the line 
supplying the control jack (3) of the fil- 
tered water butterfly valve (2), causing 
it to open or close until equilibrium has 
been restored. 

A potentiometer (8) coupled to the 
valve shaft sets up a reset rate reaction 
in the control loop; this gradually 
decreases so as to bring the regulated 
level back to its set-point value without 
hunting. 

This system, which is completely 
transistorized, includes a number of 
auxiliary devices to adjust the control 
band, reaction rate, and amplification 
gain, and if necessary, to open the sys- 
tem after backwashing for a gradual re- 
start. 





Figure 476. Dégremont programmed controller. 
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5.2.2.3. Programmed controller 


The element being regulated is the 
same as in the previous section. 

Progress in microprocessor technology 
has led to the development of a pro- 
grammed controller (figure 476). In addi- 
tion to simple control of filter flow rate, it 
provides true filter operation manage- 
ment, which can even be extended to the 
entire battery. 

Each filter in the battery is therefore 
equipped with its own PLC. These PLCs 
are connected via a communications net- 
work which conveys process data and 
ensures overall operating reliability. 

Each unit performs the following func- 
tions: 

- filter status: off, on, or washing, initi- 
ated manually or automatically, 

— washing request: by manual initiation 
or based on predetermined set points (fil- 
tration time or head loss), 

— constant level control by actuating 


the pneumatic filtered water outlet 
valve, 
— washing cycle, controlling the filter’s 
pneumatic valves, and pump and blower 
start or stop commands sent to the PLC 
which manages the central washing facil- 
ities. 

This washing cycle can take place fully 
automatically, be initiated manually, or 
be controlled manually step by step. 


Interlocks are provided to make it 
impossible to wash two filters simulta- 
neously, regardless of operating mode. 


Each PLC is equipped with: 
- on-off inputs which indicate the status 
of the filter valve limit switches, 
— outputs which trigger washing by act- 
ing on the valves, the wash water pumps 
and blowers, and the control system, 
— analogue inputs to measure water level, 
head loss, and the position of the filtered 
water outlet valve, 





Figure 477. yon Valérien facility (Paris area, France), for CEB. Clarification of Seine river water. Capac- 
ity: 2000 m’.h", Filter control gallery for 12 Aquazur filters. 


5. Control and regulation of filters 


— a microprocessor which manages filter 
control by opening or closing the filtered 
water outlet valve as a function of the 
water level in the filter, 

— a microprocessor which manages the 
washing cycle. 


For operator dialogues, each PLC is 
connected to an intelligent terminal which 
includes function keys and a character dis- 
play to store messages. 


The battery control installation con- 
tains a common PLC, equipped with a 
terminal, which manages the filter wash- 
ing equipment and the filters themselves, 
as well as wash water recycling (if used). 


All of these PLCs are linked together 
by a communications network which per- 
forms the following principal functions: 
— dialogue between the filter PLCs and 
the common PLC, so that the latter can 
deal with priority conflicts, decide which 
filter should be washed or restarted, and 
manage common washing equipment, 

— dialogue among the filter PLCs, to pro- 
vide interlocks that prevent improper 


Deak 
DECLINING RATE 
PIETERS 


Some gravity filter batteries can opet- 
ate in a variable flow mode, with no indi- 
vidual control and no great variation in 
level (figure 478). 

In such cases the filters are supplied 
with settled water from a single pipe or a 
single channel, with no head, since there is 
no need for distribution. 





manual operations and to allow washing 
operations even if the common PLC is 
shut down, 

— dialogue between all the PLCs and the 
control room, providing plant personnel 
with remote monitoring capabilities, 

— use of a programming console from 
any of the PLCs, so that adjustment or 
diagnostic actions can be carried out at 
any other PLC. 


This communications network can be 
managed by any of the PLCs (called the 
“master’), in a fashion that is easily un- 
derstood by the operator. 


In addition, this network has a “float- 
ing master’ feature, meaning that if the 
master is unavailable (disconnected, shut 
down, out of service, etc.), the other 
PLCs that are still operating re-elect a 
PLC as the master, entirely without 
human intervention. 


This PLC control -system ensures con- 
sistent filtered water quality by rigorously 
adhering to the various washing oper- 
ations. It also relieves personnel work- 


load. 


The filtered water flows into individual 
basins, each of which has a weir (9) that 
is set so that the filter bed is covered when 
the filters are shut down or operating at a 
low flow rate. Each filter outlet is 
equipped with a filtered water valve (7), 
open or closed, accompanied by a second 
valve (8) which creates an auxiliary head 
loss. The raw water feed (1) is adjusted as 
a function of the level in the treated water 
tank (11), by means of a level detector 
(12) and a main controller (13). 
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With this type of system, the auxiliary 
head loss p created by valve (8) 1s 
adjusted so that at the maximum flow 
rate Q treated in the plant: 

— the individual flow rate of the filters 
varies, depending on their degree of clog- 
ging, by + m% of the average flow value 
Q/N where N is the number of filters in 
service. The flow rate for a clean filter af- 
emit") 
100° N 
while the flow rate for a clogged filter be- 


2 


ter washing is therefore (1 + 


‘ . m 
fore washing is (1 100 
Values of m between 20 and 40% are 
currently used, depending on the particular 
average rate that has been determined, 
— the head loss due to filter clogging be- 
fore washing is such that, when brought 
back to its value for the average filtration 
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rate, it reaches the usual values of 1.75 to 
Dame 


These two conditions determine both 
the auxiliary head loss p and the geomet- 
trical head that must be provided on the 
filters. 


In the diagram in figure 478, the raw 
water flow rate is adjusted on the basis of 
the level in the tank, resulting in a variable 
level in the filters. Operation of the declin- 
ing rate filters requires a knowledge of the 
individual flow rate of filters, which can be 
measured, in the same kind of system, by 
the head over the overflow weir (9). 


Characteristics of this type of filter con- 
trol system include: 
— an incoming water inlet valve (5) with 
a large cross section, to prevent any appre- 
ciable head loss, 
— ahigh water depth above the filter bed, 








1 — Raw water inlet valve. 
2 - Settling tank. 

3 - Filter inlet channel. 

4 — Overflow weir. 
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8 - Auxiliary head loss regulation valve. 
9 — Individual outlet weir for filters. 
10 — Individual flowmeter. 


11 —- Main treated water tank. 
12 - Tank level measurement. 
13 — Raw water flow controller. 


5 — Inlet valve. 
6 - Declining rate filter. 
7 — Filtered water outlet valve. 


Figure 478. Diagram of a declining rate filter with downstream main control. 


5. Control and regulation of filters 


— a greater filter height and therefore 
more extensive civil works than for a filter 
operating at the same average rate, 
— a lower geometric head than with a fil- 
ter battery operating at a constant rate 
equal to the average rate of a declining 
rate filter battery, for the same increase in 
head loss, 
- poorer filtered water quality at the 
beginning of the cycle due to the high ini- 
tial rate, 
— extended isolation of a filter for wash- 
_ ing. The reason is that first a large volume 
of water above the filter layer must be 
drained by filtration, then the filter must 
be washed and progressively brought back 
on line; these operations can take almost 
an hour per filter. This means that often 
two filters must be shut down simulta- 
neously, one being drained and the other 





under washing, which increases the num- 
ber of filters per plant compared with a 
conventional control system, 

- relatively easy operation when the over- 
all flow rate and quality of the water 
being filtered are constant, 

— conversely, much more difficult oper- 
ation when: 

* the overall flow rate being treated in the 
plant varies; in such cases, each time the 
overall rate changes, the auxiliary head 
loss created by valve (8) must also be 
changed, 

* the quality of the water being filtered 
suddenly deteriorates; in this case the level 
in the settled water channel rises rapidly, 
since the filters cannot be washed fast 
enough. This leads to the danger of signif- 
icant losses to the overflow (4) which must 
be provided upstream from the filters. 


Figure 479. Brasilia facility, Brazil. Capacity: 5,000 mh’. Surface water clarification. Siphon gallery. 
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COMPARISON 
OF THE VARIOUS 


CONTROL MODES 


For a filter to yield the best possible 
effluent, its instantaneous flow must be as 
stable as possible, and the changes in its 
flow must be as slow as possible whenever 
operating conditions at the plant change. 

The best control system will therefore 
be one with simple, safe and reliable con- 


a. 


MONITORING 
EQUIPMENT 


Depending on the type of filters and 
their control system, it may be useful to 
know: 

— clogging status of the filter bed, by means 
of a “clogging indicator” which can be either 
a pressure gauge or a vacuum gauge (in the 
case of siphon control). This device must be 
equipped with a remote transmitter when 
the intention is to combine all signals and, 
in some cases, records of head loss in a main 
control room. The device must have an 
adjustable set point when washing is to be 
initiated as a function of the degree of clog- 
ging of the filter bed; 

— opening status of the valves, using limit 
switches on the filter valves, 

- turbidity of the filtered water. This 
measurement is used to make any necessary 
corrections to the treatment or the general 
washing set point, as a result of changes in 


trollers that allow filtration without hunt- 
ing, and sensors that detect the largest 
possible water surface areas so that 
changes in set-point value are slow. 


From this point of view upstream con- 
trol, which refers to the total surface area 
of the filters, is definitely the method 
which produces the best results. 


Control using programmable logic con- 
trollers has a high level of reliability and 
also integrates backwash control into the 
system. 


the characteristics of the raw water. But 
such measurements are often limited to 
turbidity at the main filtered water outlet, 
- filtered water output of each filter, which 
is useful for filters operating in flow control 
mode, 

— flow rates of wash water or air; this 
determination is not always necessary. If a 
positive displacement blower is used, this 
ensures the proper air flow rate. As far as 
water flow measurements are concerned, 
they are useful only in the case of Médiazur 
filters, for which it may be necessary to reg- 
ulate the wash water flow rate needed to 
expand the filter bed as a function of water 
temperature. 


For Aquazur sand filters, however, in 
which the main washing action involves 
simultaneous flow of water and air, selec- 
tion of the proper type of backwash pump 
is sufficient. Measurements of the wash 
water flow rate are still advantageous, how- 
ever, when the total quantity of wash water 
consumed for this operation needs to be 
known. 
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MODERN ION EXCHANGE METHODS 


1. COUNTERCURRENT REGENERATION 


In conventional cocurrent regeneration 
methods, the regenerant is not system- 
atically exhausted when brought into con- 
tact with layers of decreasingly exhausted 
ion exchangers. Moreover, ionic contam- 
ination of the lower layers by regenerants 
containing many of the ions to be removed 
does not provide the high standards of 
water increasingly required by industry. 

Countercurrent regeneration (see page 
233) consists in percolating the regerierant 
solutions against the flow of the liquid 
being treated. Regeneration takes place ei- 
ther in upflow or downflow, depending on 
the direction of the percolation flow used 
during the exhaustion phase. 

Upflow usually causes expansion of the 
resin bed, which presents two major dis- 
advantages: 


— disruption of the layers and, conse- 
quently, reduction of the exhaustion gra- 
dient - and the greater this gradient, the 
more the ion exchanger is suited to coun- 
tercurrent regeneration; 


— poor distribution of regenerant solu- 
tions, resulting from the absence of pres- 
sure drop in an expanding granular bed, 
leading to “channelling” and insufficient 
contact between the resin and the regen- 
erant. 


It is therefore essential to maintain an 
ion exchange bed fully compacted during 
the injection of the solution and its dis- 
placement by water. 


The various “blocking” methods, 
designed to control resin bed expansion, 
can be grouped into 3 categories. 
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dele 
WATER BLOCKING 


The regenerant solution is injected at 
the bottom of the ion exchange resin bed, 
while a stream of blocking water is intro- 
duced at the top of the unit. The liquids 
flow to collecting points located in the up- 
per part of the resin bed (figure 480). 


Regeneration evaluations show that 
this process does not achieve optimum 
regenerant use, primarily due to the insta- 
bility of the hydraulic system. However, 
in comparison with cocurrent regener- 
ation, the results led to an appreciable 
improvement in the quality of the treated 
water, provided upflow velocity was 
maintained at 2 to 2.5 m.h"'. 






This system is used only in special cases 
where it still presents advantages over 
other, more recent and more efficient 
methods. 


Blocking water = 


Regenerant at 


Figure 480. Water blocking. 





Ee 
AIR BLOCKING 


This technique involves partially drying 
out the top layer of the resin bed, which 
then presents a high level of cohesion, 
greater than that obtained with water 
blocking. 


All of the processes which use this 
method operate according to the following 
sequence: 

— production cycle from top to bottom; 
— regeneration from bottom to top. 


Draining starts at the onset of regener- 
ation once the dome of the unit is drained 
via eluate collection nozzles placed into 
the upper layer of the resin bed. This 


process is maintained during injection and 
displacement of the regenerant by air 
being circulated through the dried layer. 
The eluate-air mixture is evacuated 
through the collection system. Air circula- 
tion can be obtained by the injection of 
compressed air or by suction using an 
external device such as an injector (figure 


481). 


It should be noted that the first 
method presents the disadvantage of 
using compressed air, which is often hot 
and can lead to significant dehydration in 
the drained part of the resin bed. 


With air blocking reagent percolation 
can reach velocities of up to 10 mh, 
which is of particular interest in the case 
of sulphuric acid regeneration. 








1. Countercurrent regeneration 


- Regenerant inlet. 
- Vent. 





Spent regenerant + air outlet. 
— Eluate outlet. 

— Injector water inlet. 

- Drained layer. 

— Nozzles. 

— Injector. 

— Separator. 

- Siphon tube. 

11 - Water seal. 


Figure 481. Air blocking. 
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Figure 482. Belleville plant (Central France) for EDF. Flow 3 x 115 m’.h”', 3 make-up water demin- 
eralization trains (SCR + CO? removal + SBR + Triobed). 
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Bee 
MECHANICAL BLOCKING 


Various methods may be used to 
ensure mechanical resin blocking, such as 
inflating a diaphragm during regeneration 
(figure 483), filling the empty space 
above the resin bed with inert material, 


etc, 








Figure 483. Mechanical blocking using a dia- 
phragm. 
1 - Service cycle. 2 - Regeneration. 


Another method consists in placing the 
resin between two devices (nozzle plates, 
for example), which enables the regen- 
erant to be injected and the eluate to be 
removed, while preventing the resin bed 
from expanding; practically no space is 
left above the resin bed. 


All of these methods require additional 
equipment into which all or part of the 
resin must be transferred in order to 
remove resin fines and suspended solids 
introduced by raw water and reagents. 


They can be classified in one of two 
categories, depending on whether percola- 
tion during the production cycle flows up- 
ward or downward. 





1.3.1. Floating beds 


The production cycle operates from 
bottom to top, and regeneration from top 
to bottom (figure 484). 


1 - Service cycle. 
2 — Regeneration. 
3 - Resin. 


Figure 484. Floating bed. 


The rapidity of flow during the pro- 
duction cycle causes the upper part of the 
resin bed to be compacted against the 
drainage system, while the bottom layer 
which contains the coarsest resin beads, is 
fluidized. This layer takes up the majority 
of ions and works to total exhaustion, 
whereas the upper part, better regenerated 
and comprising the finest resin beads, 
serves as a polishing layer for assuring 
quality. 

The inherent disadvantages of this sys- 
tem are: 

— the inability to stop and significantly 
reduce the flow in mid-cycle, due to the 
risk of disrupting the resin bed layers; 

— if the water has a high suspended solids 
content, the lower part of the resin bed 
retains these particles, and only the upper 
part is transferred to the washing column. 

Variations of this system are proposed 
in order to overcome these disadvantages 
and, in particular, to remove the washing 
column. 





| 1.3.2. Variations of floating beds 


In the first variation, the unit consists 
of two superimposed chambers, separated 
by a plate (3) fitted with double-headed 
nozzles (figure 485a). 

The upper chamber is completely filled 
with resin, whereas the lower chamber is 
empty, thus allowing the bed in this part 
to be backwashed. The two chambers are 
linked by a device (4) designed for the 
hydraulic transfer of the resins. This sys- 


tem frees the upper chamber for back- 


washing, in which case some of the resin 
is simply transferred to the lower cham- 
ber. Once backwashing has been com- 
pleted, this resin is transferred back into 
the upper chamber. This process makes it 
possible to interrupt the production cycle 
at any given moment without adversely 
affecting the quality of water once oper- 
ation is resumed. Indeed, the polishing 
layer in the upper chamber remains com- 
pact and cannot mix with the exhausted 
resin. 

In the second variation (figure 485b), 
the unit is divided at approximately 60% 





1. Countercurrent regeneration 





of its height by a perforated plate (5); the 
diameter of the perforations is such as to 
allow passage of the resin particles. A 
treated water collector (6) is located im- 
mediately below this perforated plate. The 
unit is filled with ion exchange resin so as 
to just cover the plate. A system including 
the collector, the plate, and the resin layer 
above the plate ensures that the resin bed 
remains totally still during the upflow 
production cycle. On the other hand, the 
perforated plate allows the resin bed to 
expand, enabling it to be completely 
backwashed. 


This system also allows for interrup- 
tions in the production cycle. 


E93 UFD 
(Up Flow Degrémont) 


This unit (see figure 486) consists of a 
column with two liquid distribution 
and/or collection systems (nozzle plates or 
branched collectors) divided by a resin 
bed occupying about 95% of the space 
between the two systems. 


1 — Raw water inlet. 

2 - Treated water outlet. 

3 - Dividing plate with 
double-head nozzles. 

4 - Transfer device. 

5 - Pertorated plate. 

6 - Drainage collector. 

7 - Covering resin. 

Figure 485. Various types of 

floating beds. 
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As opposed to floating beds, the pro- 
duction cycle takes place in downflow, 
and regeneration in upflow. 

Under these conditions, a preliminary 
“compacting” sequence is used during 
regeneration to block the resin bed; this 
process consists in subjecting the resin bed 
to a strong upflow stream of water; due to 
the high velocity and the limited space, 
the resin bed rises like a piston, becoming 
blocked against the upper recovery sys- 
tem, and so unable to expand and there is 
therefore no risk of the layers being 
mixed. Moreover, when the compacting 
flow is maintained for just a few minutes, 
a highly compacted resin layer can be 
obtained, which then enables injection of 
reagents at much lower velocities, without 
the resin bed dropping and disintegrating. 

The fact that the production cycle takes 
place from top to bottom makes the UFD 
insensitive to flow variations and mid- 
cycle interruptions. Moreover, if there are 


suspended solids in the water, they are 
stopped by the upper layer of the resin 
bed, which can be cleaned without up- 
setting the lower layer, ensuring the qual- 
ity of treated water. 

The upper layer of the resin bed is hy- 
draulically transferred to a washing 
column where it is flushed with water, 
and then hydraulically returned to the ex- 
changer. This operation does not need to 
be carried out prior to each regeneration. 
Its frequency depends on the increase in 
head loss during the production cycle. 
With clean water, no more than three or 
four bed decompactions and washing op- 
erations may be required each year. 


1.3.4. Use of superimposed beds 

In certain cases, both strong and weak 
ion exchangers of equal polarity can be 
combined in a single production unit, 





1 - Raw water inlet. 2 - Treated water outlet. 3 - Compacting circuit, 4 - Regenerant. 5 - Eluate. 
6 - Washing/fine-removal column. 7 — Injector. 8 - Injector water. 


Figure 486. UFD. 


1. Countercurrent regeneration 


provided resin densities are sufficiently 
different. Resins are then graded by coun- 
tercurrent loosening, so that during the 
service cycle the liquid being treated pas- 
ses first through the weak resin, then 
through the strong resin, as with the con- 
ventional method. 


For this system to operate with maxi- 
mum efficiency, regeneration must occur 
in the opposite direction to that of the 
service cycle, 1e., in upflow counter- 
current. 


The UFD is perfectly adapted to the 
practical applications of superimposed 
beds due to the direction of flow during 
the production cycle and to the impossi- 
bility of the resin bed expanding, thus 
removing any danger of the two resins 
mixing. Washing and loosening of the 
upper layer is achieved by simply transfer- 
ring all the weak resin. 


The UFD can be used, in its standard 
form, without adding an intermediate 
floor to separate the two resins. 


1.3.5. Performance of exchangers 
regenerated by countercurrent meth- 
ods 


Countercurrent regeneration leads to 
savings in reagents because they are used 
so economically. With the same water 
and the same breakthrough capacity, 
amounts saved can reach up to 20% with 
anion resins and 40% with cation resins. 

With a comparable quality of treated 
water, the difference is even greater and 
the cocurrent process often requires two or 
three times more reagents. 

Using equal amounts of regenerants, 
countercurrent regeneration yields treated 
water of a much higher quality than 
cocurrent regeneration. With water of 
moderate salinity and silica content, con- 
ductivity at the outlet of the primary train 
is generally between 0.5 and 5 [1S.cm”! 
and the silica content is usually less than 
0 gl”. Through countercurrent regen- 
eration, it is often possible to avoid using 





Figure 487. Narcea Oviedo facility (Spain). Flow 2 x 48 mh". 
Demineralization of boiler make-up water of thermal power plant. Double UFD train. 
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a polishing train for MP boiler feedwater chart in figure 488 shows the combina- 

and some of the process water. tions most frequently used in demin- 
For obtaining even higher quality, eralization processes. 

more complete trains are available. The 


CLEAR RW TURBID RW 


WCR SCR 





WCR - Weak acid (carboxylic) cation exchanger. WBR - Weak base anion exchanger. 
SCR — Strong acid cation exchanger. SBR - Strong base anion exchanger (silica removal). 
CO2 - Decarbonator. MB - Mixed bed. 


Figure 488. Table of the usual combinations of units in demineralization processes, 
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2. MOVING BEDS 





zl. 
CIE (CONTINUOUS ION 
EXCHANGER) 


_ All the above methods use fixed resin 
layers, operating in batch processes, con- 
tained in vertical cylindrical vessels. 

In these vessels, each unit is character- 
ized by service, loosening, regeneration 
and washing cycles, after which the ion 
exchanger returns to its original state, 
ready to begin a new cycle. 


This system has several disadvantages: 
— use of resin quantities that are usually 
assessed not in terms of hourly flow, but 
rather on the basis of autonomous oper- 
ation between regenerations, which means 
that with high salinity levels, very large 
amounts of resin are required; 
— interruption of the treated water out- 
put while regeneration is in_ progress, 
which requires the provision of double 
treatment trains or extensive facilities for 
storing treated liquid, 
— the complexity of regeneration oper- 
ations; 
— high consumption of loosening and 
Linsing water. 


Furthermore, since it is essential to stop 
the cycle as soon as an ion leakage appears 
at the bottom of the resin layer, which 
occurs well before all the resin becomes 
exhausted, the resin operates at retention 
and regeneration efficiencies well below 


those theoretically possible. Ion exchange 
specialists have therefore long been 
attracted by the idea of substituting the 
conventional method by a continuous 
countercurrent process. 


The difficulties to be overcome con- 
cerned in particular: 
— regular and controlled resin circulation; 
— separation of the exhausted resin from 
the treated water; 
— correct distribution of fluids in a mov- 
ing resin bed; 
— circulation methods that would not 
exert mechanical stress on resin beads; 
- regulating and control devices. 


All these difficulties were overcome 
during the development of the CIE- 
Degrémont process, the current version of 
which incorporates several improvements 
and simplifications compared to previous 
procedures (Asahi, etc.). 


2.1.1. CIE using a single exchanger 


The simplest flow chart (figure 489) 
includes several units, comprising: 
— service column § for treated water pro- 
duction, 
— regeneration column R, 
— washing and fines removal column W 
to remove resin fines and any suspended 
solids and, if necessary, to complete rins- 
ing of the regenerated resin. 


These columns are of the compacted- 
bed category. The resin circulates semi- 
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Treated water outlet. 
4 


1 - Raw water inlet. 2 - 


3 - Exhausted resin transfer. 
resin transfer, 5 - Regenerant. 


— Regenerated 


Figure 489. CIE, single service exchanger type. 


continuously at programmed intervals, 
moving from the bottom of the service 
column to the regeneration column, then 
to the washing column before being rein- 
jected into the service column. Since ‘all 
liquids circulate in countercurrent to the 
resins, the various exchange cycles, Le., 
service, regeneration, and washing cycles 
operate with optimum efficiency: smaller 
quantities of resin are required, and 
regeneration efficiency is greatly 
improved. 

The flow rates of raw water, regen- 
erant, dilution water and washwater are 
preset, and resin circulation is prede- 





termined by adjusting the frequency of 
transfers by means of the metering com- | 
partment on top of the regeneration} 
column. If the composition of the raw lig- 
uid varies, the regenerant injection rate 
and the resin circulation rate are adjusted. | 
The previous description applies to a ® 
single ion exchanger used for example in: 
— softening (cation resin regenerated with } 
sodium chloride); 
- cation removal (cation resin regener- - 
ated by an acid). 








If a conventional demineralization | 
process is required with two distinct ex- - 
changers, one cation and one anion ex- » 
changer, two identical systems can be : 
used in series, each comprising three 
columns: these systems perform cation 
resin regeneration with acid, and anion 
resin regeneration with caustic soda or 
ammonia. 


The quality of the obtained water 5 
limited by the ion leakage from the cation 
exchanger, which is dependent on the 
regeneration rate and the salinity level of 
the liquid being treated. If very high 
grade water is required (conductivity less 
than 1 pS.cm™, silica at 50 gl), the 
method consists in using a continuous 
cation-anion mixed bed. The layout and 
essential cycles are described in figure 
490. 


2.1.2. CIE using a mixed bed 


The installation comprises: 
— a mixed bed service column (MBS) ; 
— a resin division column of the fluid- 
ized-bed type (MBD); 
— two metering hoppers (CH and AH) 
for pressurized transfer of the division 





column toward the cation and anion 
regeneration columns; 


— two regeneration columns, one for the 
cation exchanger (CR) and one for the 
anion exchanger (AR). 


In a mixed bed, it is not necessary to 
continue the washing process until all 
salts are completely removed, therefore 
the washing column is replaced by a small 
mixing hopper (MH). 


_ The division column is supplied with 

resins mixed by hydraulic transfer from 
the bottom of the service column, ensur- 
ing clear separation of cation and anion 
resins, with cation resins being removed 
from the lower part, and anion resins 
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from a carefully selected location in the 
upper part of the column. 


A resin level detector placed in the 
division column activates an automatic 
valve which starts and stops the resin sup- 
ply depending on the transfer rate to the 
regeneration columns, which operate as 
previously described. 


The regenerated and washed resins 
are transferred hydraulically to the mix- 
ing hopper, which feeds the service 
column. 


The resin flow rate is determined very 
simply by multiplying the volume of each 
metering compartment (CH and AH) by 
the transfer frequency. 


1 - Raw water inlet. 2 - Treated water outlet. 3 - Exhausted resin transfer. 4 — Regenerated resin 
transfer. 5 - Regeneration acid. 6 - Regeneration base. 7 - Fluidization water. 


Figure 490. CIE using a mixed bed. 
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This type of system is used for water 
relatively low in bicarbonate content. 
Indeed, the very design of mixed beds 
impedes physical CO2 removal from 
bicarbonates. The anion exchanger there- 
fore has to retain all this carbon dioxide, a 
process which involves costly amounts of 
resin and unnecessary use of caustic soda. 


Figure 491. Mania ally BE 


Flow: 210 m’.h", 
make-up water for the thermal power plant. CIE 
system. 


Demineralization of boiler 


The most economical system for treat- 
ing water containing bicarbonates to 
obtain water with a high standard of pu- 
rity Consists in carrying out continuous 
carbonate removal on a carboxylic resin as 
shown in figure 489, performing physical 
carbon dioxide removal and using a con- 
tinuous mixed bed. 
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Acid consumption is reduced by per- 
forming in-series regeneration of first the 
sulphonic regeneration column, then the 
carboxylic regeneration column; the sys- 
tem includes an intermediate tank for sec- 
ondary dilution if the raw water is rich in 
calcium, so as to avoid a high calcium salt 
content in the carboxylic regeneration 
eluate. 

In summary, with this process, acid 
consumption can be reduced by the com- 
bined regeneration described above, and 
caustic soda consumption can be reduced 
by physical removal of the CO2 from the 
bicarbonates combined with systematic 
countercurrent regeneration. 


2.1.3. Application of the CIE proc- 
ess to the chemical industry 


For treatment of a valuable solution 
that must be recovered without being 
diluted (solutions containing sugar 01 
uranium, chemical solutions requiring 
purification), the process itself must not 
introduce any appreciable dilution. 

Batch processes always involve a high 
degree of dilution, as changing from ser- 
vice cycle to regeneration and back auto- 
matically generates zones with increased 
or decreased concentrations, and also 
requires fairly extensive washing. With 
continuous ion exchange, dilution can be 
limited, often to negligible levels, pro- 
vided the liquid carrying the resins is 
recovered in a special division column. 
This column is designed so that the resin 
is separated from the concentrated liquid 
in a zone where very slight dilution 
introduces only a very small amount of 
additional water into the treatment cir- 
cuit. 





2.1.4. Special advantages of the 
CIE-Degrémont process 


Compared with other continuous proc- 
esses, which have mostly remained in the 
pilot stage, the CIE-Degrémont process 
presents the following specific advantages: 
— resins and fluids always circulate in 
countercurrent and in the most rational 
direction, since regenerant solutions are 
always injected into fully compacted res- 
ins; 

_- resins are always transported hydrau- 
lically, without any mechanical stress 
being imparted; 

— service, regeneration and washing 
columns are designed as independent 
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units and may be individually adapted to 
any particular variations in flow, salinity 
and regeneration yield; 


— the distribution and compacting de- 
vices have been carefully studied so as to 
reduce the height of the theoretical pla- 
teau to a minimum and to come as close 
as possible to the efficiencies derived from 
the equilibrium curves. 


A further advantage of all the contin- 
uous processes is that acid and alkaline 
regeneration eluates are discharged at con- 
stant, low flow rates and are therefore 
much easier to neutralize than with dis- 
continuous processes, and do not require 
large neutralization tanks. 








2.2. 
FLUIDIZED BEDS 


In certain cases ion exchange cannot be 
performed by percolation through a com- 
pacted resin column, either because the 
liquid to be treated has a high suspended 
solids content (suspensions containing 
uranium), or because precipitates form 
during treatment (production of sparingly 
soluble compounds in_ supersaturation, 
pH variation, etc.). For such cases, 
columns can be used in which the resin 
bed is held in expansion by an upward 
flow of the liquid being treated. To obtain 
adequate saturation of the resin and a 
good quality of treated effluent, one pos- 
sible solution consists in using several 
identical columns in series, with the resin 
circulating from one column to another in 
countercurrent to the liquid being treated, 
and flowing towards a regeneration unit 


(figure 492). 





Figure 492. Bessines facility (Central France) for 
COGEMA. 


Pilot for treatment of liquors containing uranium. 
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7a 
TURBULENT BEDS 


In some cases, the contact of the resin 
with the liquid being treated may require 
energetic mixing. The plant (figure 493) 
comprises: 





— areactor (E), of which the active part is 
of the Turbactor type (see page 638); 


— a division column (D) of the CIE type; 


— a regeneration column (R) of the CIE 
type, 

- a feeding hopper (H) supplying regen- © 
erated resins to the reactor. 














1 - Inlet of liquid to be treated. 
2 - Outlet of treated liquid. 
3 - Transfer of exhausted resins. 


Figure 493. Turbulent bed facility. 


4 - Transfer of regenerated resins. 
5 — Regenerant solution. 
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3. OTHER TREATMENTS 


pot 
REMOVAL 

OF ORGANIC 
MATTER 


The various ion exchange methods 
presented above assume that the raw 
water contains only dissolved minerals. 

In fact, natural water always contains a 
certain amount of organic substances 
which vary, according to their particular 
nature, in their reaction to resins. Some 
pass easily through the resin bed, others 
are reversibly attached to the resin and 
then removed during regeneration, and 
others are irreversibly retained, tending to 
poison the resins. 

In practice, this last disadvantage 
mainly affects strong base anion ex- 
changers, since cation exchangers are vir- 
tually insensitive and the weak base anion 
exchangers tend to retain these products 
more or less reversibly. 

Most often, the systems described 
above yield satisfactory results in indus- 
trial applications if the resins are properly 








selected. In some cases however, and par- 
ticularly when the raw water contains 
humic compounds, it has been observed 
that the conventional resin combinations 
do not produce the expected results. 


With this type of raw water, highly 
porous anion exchangers with a high 
adsorption capacity can be used in a con- 
ventional train as polishing units or at the 
beginning of the train in order to protect 
the resins specifically used for demin- 
eralization. These anion resins directly 
adsorb the organic matter, which may be 
eluted by treatment with sodium chloride 
or caustic soda, or better yet, with a mix- 
ture of salt and caustic soda. 


With surface water, it is obviously bet- 
ter for demineralization to be preceded by 
well-controlled coagulation, settling, and 
filtration, which often makes it possible to 
remove 50 to 90% of soluble and colloidal 
organic matter. 


After the coagulation-filtration process, 
the solution can be treated by passage 
through powdered activated carbon for 
achieving a more thorough removal of 
humic acids. 





D2: 
SPECIAL 
APPLICATIONS 


Water treatment is not the only area in 
which ion exchangers are used: they are a 


practical and efficient means of solving 
many chemical engineering problems. 
The liquids to be treated can be aqueous 
or sometimes organic solutions. 


Some of the most common industrial 
applications are: 
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e Softening, which consists in replacing 
Ca** and Mg” ions by Na” ions to avoid 
scale formation in the evaporators. There 
are examples of applications. 


e Partial or total demineralization, 
yielding very pure sugar or glucose syrups. 
When used for grape must, this method can 
be used for producing liquid grape sugar. 


e Decolourizing, which can be com- 
bined with demineralization due to the 
high adsorption capacities of properly- 
selected anion resins. 

This process is carried out directly on 
adsorbent resins (see page 239). 


e Exchange of one ion for another, 
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‘ A +. 
involving replacement of Na* and K” ions 
by Mg** ions with lower molasses content 
(Quentin method). 


e Demineralization and decolour- 
izing processes applied to diluted or con- 
centrated whey. 


e Milk acidification by contact with a 
strong acid cation resin. This treatment is 
part of a patented process for casein pro- 
duction. 


eSodium removal, to produce diet 
milk in which the Na* ions contained in 
the milk are partly replaced by Ca** and 
Mg’” ions attached to resin. This resin is 
regenerated by a mixture of calcium and 
magnesium salts. 





Figure 494, Tienen facility (Belgium) for the Titlemont sugar refinery. 
Flow: 30 m?.h', Decolourizing of beet sugar syrup. Three double columns. 





3.2.3. Treatment of industrial 
effiuents 


The objective here consists in the recov- 
ery and/or concentration of valuable sub- 
stances. 


e Stabilization of chromic acid 
baths used in continuous chromium 
plating, enabling prolonged use of the 
bath by retaining the trivalent chromium 
and the iron on a strong acid cation resin. 


e Treatment of hydrochloric acid 
pickling baths: in this process, the 
bath becomes highly concentrated with 
iron, which weakens its activity. The ferric 
complex attaches itself on a strong base 
anion resin, in the form of chloride, 
thereby allowing longer use of the bath. 
The complex attached onto the resin is 
eluted with water, producing a ferric chlo- 
ride solution which can be sold or used af- 
ter concentration by evaporation. 


e Hexavalent chromium recovery: 
rinse water with a low sodium bichromate 
content is treated in a strong cation-weak 
anion train. Bichromate ions are eluted 
using caustic soda. Part of the resulting 
alkaline chromate solution is treated on a 
strong cation resin. The recovered chromic 
acid is then mixed with the remaining 
alkaline eluate to form a sodium bichro- 
mate solution, which is suitable for use in 
industry. This process can also be used for 
recycling large quantities of demineralized 
water. 


e Copper and ammonium recovery 
from wastewater from synthetic textile 
production. 


Depending on the quality of water, 
treatment uses either strong or weak 
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cation resins, regenerated with sulphuric 
acid. The copper or ammonium sulphate 
solutions obtained are suitable for use in 
industry. 


e AMmonium nitrate recovery from 
wastewater from the production of nitrog- 
enous fertilizers. Here again, treatment 
consists 1M concentration on a_ strong 
cation-weak anion train (UFD exchangers 
regenerated respectively using nitric acid 
and ammonia). This process is of partic- 
ular interest in that it enables the recovery 
of demineralized water, helps to eliminate 
losses and, particularly, waste, without 
using any reagents, as the regeneration 
eluates are recycled in the production 
plant after being re-concentrated, if 
needed. 


It should be noted that biological treat- 
ments of this discharge do not produce 
any recoverable substance, produce mud 
and require large quantities of carbo- 
maceous nutrients to be added, such as 
methanol. However they can be adapted 
to treat effluents that are either over- 
diluted or contain other cations. 


There are other possible applications, 
which require the use of techniques simi- 
lar to those used in chromatography. 
These techniques make it possible to sep- 
arate the following: 

— several ions from each other; 

— an electrolyte from-a non-electrolyte; 

— several non-electrolytes from each 
other. 


Separation is achieved by displacement, 
selective displacement, elution, ion exclu- 
sion, etc. These techniques are particularly 
used by the pharmaceutical industry, and 
in-depth laboratory and pilot studies are 
required before industrial application can 
be considered. 
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SEPARATION BY MEMBRANES 


1. REVERSE OSMOSIS (RO) MODULES 
ULTRAFILTRATION (UF) MODULES 
AND MICROFILTRATION (MF) MODULES 


Unit type separating apparatuses, 
known as “modules” or “cartridges”, using 
membranes, are designed to achieve two 
essential objectives: 

-- to ensure, at membrane level, a suffi- 
cient circulation of the liquid to be treated 
in order to limit the phenomena of con- 
centration polarization (RO, UF) and of 
particle deposits (MF), 

— to produce a compact module, 1.e., one 
providing a maximum exchange surface 
per unit volume. 


These two objectives tend to reduce the 
cost of the module for producing a given 


ale 
PLATE TYPE MODULES 


These modules are made up of stacked 
membranes and support plates. Their 


volume of treated liquid, but they also 
tend to increase the energy cost of sep- 
aration: high circulation velocity and 
small passage cross section with a great 
head loss as a consequence. A compro- 
mise must therefore be found, but the 
module must satisfy other requirements 
such as: 

- ease of cleaning (hydraulic or chemical 
unclogging, possible sterilization), 

— ease of assembly/removing, etc. 


Four major types of modules are found 
on the market: plate type, spiral wound, 
tubular, hollow fibres. 


design is derived from that of filter presses 
(Figure 495). 

The fluid to be treated circulates be- 
tween the membranes of two adjacent 
plates. The thickness of the liquid sheet is 
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0.5 to 3mm. The plates ensure the me- 
chanical support of the membrane and, at 
the same time, drainage of the permeate. 
Their arrangement makes it possible to 
bring about in parallel and/or in series cir- 
culation. Unitary assemblies with a surface 
of up to 50 m’ can thus be formed. 








Fairly compact, these modules have the 
advantage of being easy to remove, thus 
allowing replacement of the membranes 
and, where necessary, complete cleaning. 
Due to the length and the winding con- 
figuration of the circulation path, head 
losses are relatively high. 


— Raw water inlet. 

— Concentrate outlet. 

— Permeate outlet. 

Intermediary plate. 

— Membrane-support plate-membrane assem- 
bly. 


A wy we bho = 
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Figure 495. Example of a plate type module. 





ie 

SPIRAL WOUND 
MODULES 

(Figure 496) 


A flexible, porous sheet (11) is placed 
between two flat membranes (10). The 
“sandwich” thus produced is sealed on 
three of its edges (12). The open side is 





sealed to a cylindrical collector tube (3) on 
both sides of a distributor with holes 
punched in it. Several “sandwiches” are 
thus fastened and separated from one an- 
other by a spacer of flexible plastic (9). 
The fluid to be treated circulates in the 
spacer (9); the porous sheet (11) ensures 
the drainage of the permeate towards the 
axial collector (3). 


— I. Reverse osmosis (RO), ultratileration (UF) and microfiltration (MF) modules —_ 







































































— Water inlet. 

— Concentrate outlet. 

— Permeate outlet. 

- Direction of flow of raw water. 
— Direction of flow of permeate. 
— Protective material. 


DW ARB bo 


Figure 496. Spiral wound module. 


The diameter of an element can be as 
much as 30 cm and its length can be up 
to 1.5 m. Several elements (2 to 6) can be 
placed in series in a single cylindrical cas- 
ing. 




















7 - Seal between module and shell. 

8 - Holes collecting the permeate. 

9 — Spacer. 
10 — Membrane. 
11 - Permeate collector. 
12 - Sealed joint between the two membranes. 


Much more compact and causing a lower 
head loss than the plate type module, the 
spiral wound module is, however, more sen- 
sitive to fouling, as flow in the spacer can- 
not take place at a high velocity. 





oe 
TUBULAR MODULES 


The membranes are placed or formed 
inside a support tube which is porous or 
has drainage holes in it, and has a diame- 
ter varying from 10 to 40 mm. These 
tubes are then placed in parallel or in 


series in a cylindrical shell to form the 
unit module (Figure 497). 


The hydrodynamics of the flow is per- 
fectly defined and circulation velocities 
that can reach 6 ms" are possible if a 
highly turbulent flow is necessary. These 
modules do not need fine pre-filtration of 
the liquid to be treated and are easy to 
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1 -— Raw water inlet. 


4 — Permeate outlet. 


2 - Tube. 5 - Membrane. 
3 - Membrane sup- 6 - Concentrate out- 
port material. let. 


Figure 497. Tubular module. 


clean. They are particularly well adapted 
to the treatment of very viscous fluids 
with a large volume of matter. 





a : 
Figure 498. Providencia facility, Colombia. Capac- 
ity: 3,000 m’.d'. Production of drinking water 
from coastal well water. Hollow fibre module 
assembly, 


Their main disadvantage is that they 
are not compact and have a high cost per 
m° installed. 





1.4. 
HOLLOW FIBRE MODULES 


Hollow fibres are produced by extru- 
sion through annular dies. With a diame- 
ter varying from a few dozen microns to a 
few millimetres, they are called “self- 
supporting” because they can stand high 


internal or external pressures. These fibres 
are then gathered in a bundle of several 
thousand, even several million. 

Flow of the liquid to be treated takes 
place either inside the fibres (internal 
skin) or outside the fibres (external skin). 
In the first case, the watertightness be- 
tween the internal and external flows is 


—— 1. Reverse osmosis (RO), ultrafiltration (UF) and microtiltration (MF) modules —_— 


produced by a “potting” using resin. After arranged in a U shape (Figure 499a). 


hardening, the bundle is cut in such a way As the exchange surface/volume ratio 
that the open ends of all the fibres appear is inversely proportional to the diameter, 
(Figure 499). these units are very compact (several 


In the second case, the bundle is often thousands of m’ per m’). 



























































1 - Raw water inlet. 4 — Potting resin. 
2 — Permeate outlet. 5 — Hollow fibres. 
3 -— Concentrate outlet. 6 — Shell. 


Figure 499. Hollow fibre module with internal skin: seraight bundle. 
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Porous tube + fibres 





1 — Raw water. 7 - End plate. 

2 — Snap ting. 8 — Pure water. 

3 - O-rings. 9 — Porous distributor cube. 
4 — Reject collection. 10 — Hollow fibres. 

5 — Epoxy tube sheet. 11 - Reject. 

6 — Porous disc. 12 — Non-porous tube. 


Figure 499a. Hollow fibre module (permeator) with external skin: Permasep B9 type U-shaped bundle. 
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Another advantage, made use of in UF 
and MF, of the geometry of the hollow 
fibres is the possibility to provide flushing 
by reversal of pressure. Backflush is gener- 
ally carried out by placing the permeate 
under a pressure greater than the feed 
pressure. The change in direction of the 
flow through the wall of the hollow fibre 


makes it possible to detach the cake of 
particles deposited on the surface (Figure 
500). This cake is then transported out of 
the module by the circulating flow 
through the module. 

Table 77 summarizes the advantages of 
the different types of module according to 
various criteria. 


Table 77. Comparison of the different types of module. 






Compactness 





Ease of cleaning: 
— in situ 


— by backflush - 


Cost of module + 


AP (feed — reject) - 


Dead volume + 





Quality of pretreatment 
required 















Hollow 
fibres 
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+++ 


++ 

















— clear disadvantage 


(1) Varies considerably according to the internal 
arrangement of the modules and the diameter of 


the fibres. 


+++ clear advantage 


(2) With the exception of certain ceramic modules 
where the layer forming the membrane is chem- 
ically bound to its support. 


— 1. Reverse osmosis (RO), ultrafiltration (UF) and microfiltration (MF) modules —_ 


Flow of 


permeate Membrane 


Filtration 





Figure 500. Principle of backflush. 


Membrane 


— Average Flow 


Cake 


Filtration 
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2. THE DIFFERENT TYPES OF ARRANGEMENT 


wale 
PRINCIPLE 


The principle of using a module is 
shown in Figure 501. 





1 -— Raw water. 5 — Module. 

2 - Purified water. 6 - Semi-permeable 

3 - Reject. membrane. 

4 — High pressure 7 — Pressure reducing 
pump. valve. 


Figure 501. Simplified diagram of operation of an 
osmosis unit or a tangential filtration unit. 


A pump (4) ensures pressurization ‘of 
the feed (1) and circulation along the 
membrane. The permeate is drawn off in 
(2) and a valve (7) is placed on the reject 
pipe (3) to maintain the so-called “reject” 
pressure inside the module. 


The choice of pump as well as the 
adjustment of the valve (7) allow inde- 
pendent setting of the feed pressure and 
the conversion Y which is the ratio be- 


« 


tween the flow of permeate and the feed 
flow. 


For a given module, it is advantageous 
to work at a high conversion; this indeed 
limits the energy consumed by the circu- 
lation of the reject. 


Nevertheless, if Y is very high, the con- 
centration factor in the module can reach 
values such that: 

- the solubility product of the various 
compounds is exceeded, 

- the suspension to be treated becomes 
excessive. 


Scaling will occur in reverse osmosis, @ 
protein gel will appear in ultrafiltration, 
and a progressive clogging of the circula 
tion channels will take place in micro: 
filtration. 


As indicated in Chapter 3, Subchapter 
9, only a considerable tangential velocity 
makes it possible to limit these polar- 
ization phenomena (RO, UF) or thickness 
of the filtration cake (MF) and thus to 
maintain the high production of a mod- 
ule, which leads to the choice of a low Y 
on a single module. 


These factors make the conversions 
vary according to the type of module and 
the type of process. The table below sum- 
marizes the conversion figures generally 
maintained for each module element and 
demonstrates the necessity to combine 
several of these elements in series to 
obtain reasonable conversions (except, if 
need be, for “hollow fibre” osmosis sys- 
tems). 


2. The differents types of arrangement 





Typical conversion for each module element (Y in %) 





Hollow 
fibres 


Plates 
(per plate) 





30 - 60 

5 - 10) 
100 (2) 
5-15 (1) 
100 (2) 


- 15 
=) 


1-6 








Spiral wound E Tubular 
(per cartridge) (per tube) 


10 - 25 
2-10 











(1) Tangential filtration. (2) Dead end (filtration cycle). 


2.2. 
FULL-SCALE 
APPLICATIONS 


Full-scale membrane facilities comprise 
in series/parallel module elements and 
operate according to various modes. There 
are thus systems which range from the 
intermittent single-stage system to the 
continuous multi-stage system. 


2.2.1. Intermittent flow in open 
loop 


The system includes a feed tank, a 
recirculation pump and an assembly of 
modules (Figure 502). A valve placed on 
the reject pipe sets the pressure across the 
membranes. 

As the permeate is drawn off, the con- 
centration in the tank increases but the 
flow of permeate Q, decreases (Figure 
503). One of the disadvantages of this 
system is the high energy requirements, 
since only a small part of the liquid pres- 
surized and circulated actually goes 
through the membrane. Nevertheless, it is 


generally retained for applications in 
which the volumes to be treated are low, 
since the investment cost is lower than for 
the other operating modes; typical exam- 
ple: treatment of soluble oils at reduced 
flow (<200 l.d* with UF). 


Permeate 
Orme ars 


Feed 


Pum 
tank R 





Time and concentration factor 





Figure 503. Decrease in the flow of permeate. 
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2.2.2. Intermittent flow in closed 
loop 


To reduce energy requirements, it can 
be advantageous to modify the preceding 
system by placing a force feed pump be- 
tween the tank and the recirculation 
pump (Figure 504). 


05 mh" 






Pa 


1 mh! ; , 
Recirculation 


Force 
feed pump 
pump 


0.5 m*h! 


Figure 504. Intermittent system in closed loop. 


The energy gain compared to the open 
loop system is all the greater as the outlet 
pressure Ps is high. For example, taking 
into account the flows indicated in Fig- 
ures 502 and 504, the different powers 
involved for the circulation are, as a first 
approximation: 

W. (open loop) = K X 10 (Pe - Pa) 
W (closed loop) = K X 10 (Pe — Ps) 
Le, Wo- We =K X 10 (Ps - Pa) 
whereas the power necessary for permea- 
tion is the same in both cases: 


K x 0.5 = #8 - 


Pa 
This explains why, for the same appli- 
cation as in 2.2.1, this system is chosen 


when the flows to be treated are greater 
than 200 Ld", 


2.2.3. Semi-continuous flow 
in Closed loop 
The preceding system can still be used 


when the liquid to be treated is produced 
continuously (Figure 505). Once the res- 


ervoir is filled, it continues to receive the 
feed liquid at a flow equal to the flow of 
permeate. The advantage lies in the 
reduction of the volume of the feed tank. 
With the concentration gradually increas- 
ing, however, the flow of permeate 
decreases with time. There must then be 
control of the feed flow to the tank or the 
pressure across the membranes, in order 
to maintain the overall matter balance of 
the system. 


Liquid to be treated 


5S mh" 
Recirculation 


Force feed 








Permeate 


3p-1 
0.5 mh” 0.5 m*.h 


10 m*h! 


Figure 505. Semi-continuous system in closed loop. 


Such a system is used, for example, ir 
UF to recover pigments and resins from 
the rinse waters of car bodies painted elec. 
trophoretically. 


2.2.4, Single-stage continuous flow 


The system is similar to the preceding 
one with the exception of the reject line. 
The concentrate is drawn off contin- 
uously; the valve V controls the con- 
version which, in the case of Figure 506, 
is 90%. 


Wi 


0.5 m’h? 






0.5 m° ho 
Force feed 


Permeate 


Recirculation , 
45 m*°h! 


Figure 506. Single-stage continuous system. 


2. The differents types of arrangement 


The disadvantage in this case is that 
the system operates with a high concen- 
tration in the loop and thus a low flow of 
permeate. This system, however, is gener- 
ally chosen for water clarification units 
using ultrafiltration or microfiltration. For 
these applications, the permeation flow is 
not very sensitive to the concentration fac- 
tor in the loop. Conversely, for applica- 
tions where there is a considerable 
decrease in permeate flow with the con- 
centration factor, a multi-stage installa- 

tion should be considered. 


2.2.5. Multi-stage continuous flow 


e Reject-staged arrangement with- 
out recirculation 

This type of arrangement is generally 
chosen for desalination of brackish water. 

As the average operating pressure 1s 
much greater than the pressure drop 
through the module, it is advantageous to 
have the module operate in reject-staged 
mode (Figure 507). As each stage is fed 


by the reject of the preceding one, two or 
three stages are, practically speaking, suf- 
ficient to obtain the desired conversion 
while maintaining a correct circulation 
through the modules. In this arrange- 
ment, only the last stage operates with a 
high concentration; the average flow per 
module is thus greater than that of an 
installation operating with equal con- 
version in a single stage, where the mod- 
ules are all in parallel. 


e Reject-staged arrangement with 
recirculation 

In ultrafiltration, the pressure across 
the membranes is only slightly greater 
than the pressure drop through the mod- 
ule; the reject-staged arrangement 
requires recirculation pumps on each of 
the stages to increase the tangential speeds 
and overcome the pressure drops through 
the modules (Figure 508). 

As before, the advantage in this case is 
to work at lower concentration levels than 
in the first stage or stages. 





1 — Raw water. 2 — Reject. 3 — Product. 


Figure 507. Reject-staged arrangement without recirculation. 
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Permeate 


Concentrate 


Feed pump 





834 Figure 508. Reject-staged arrangement wich recirculation. 


3. Desalination 


3. DESALINATION 





3.1, 
OBJECTIVE 


In many cases, the excess of dissolved 
salts present in natural waters prohibits 
their use: 


— as drinking water, for health reasons, 
_— as process water, as the salts present 
induce serious difficulties such as corro- 
sion, scaling. 


Such water must therefore be “desal- 
inated” before use. 

For basically economical reasons and 
those of ease of use (simple automatic op- 
eration, low energy cost, etc.) the proc- 
esses of osmosis, and more recently of 
nanofiltration, have gradually come to 
compete with the older processes such as 


Bi: 
CHOICE OF MEMBRANE 


In general, the primary parameter to be 


distillation, electrodialysis, ion exchange, 
and carbonate removal. 

Considering the size of the installations, 
and considering that the osmotic pressures 
become great as soon as salinity levels of a 
few grammes per litre are reached (see Page 
211), the problems of compactness and of 
energy are predominant. For desalination, 
therefore, spiral wound modules and mod- 
ules with hollow fibres (fibres with external 
skin of small diameter < 200 Um) are 
used, with the membrane being either 
asymmetric or composite. 

It is obvious that these membranes 
totally reject particles (colloids, bacteria, 
viruses) and macromolecules. Unlike the 
other distillation processes, particularly 
electrodialysis or ion exchange, these 
membranes thus make it possible to 
obtain very pure and very safe water, 
whatever the raw water used. 


considered is the salt passage (SP) of this 
membrane. Table 78 summarizes the per- 
formance of the membranes on the mar- 


ket. 


Table 78. Salt passage of the main membranes (%). 


“Sea water” 
high pressure 
membranes 





55 - 100 


Operating pressure (bar) 


Na‘, K*, Cl (monovalent ions) 
SO%, Ca’*, Mg”* (bivalent ions) 

OM molec. wt. > 300 g, e.g., pesti- 
cides 

OM molec. we.” 80 to 300 g 











“Brackish 
water” medium | Low pressure 
pressure membranes 

membranes 


Nanofiltration 


(1) Note: The SP (salt passage) depends greatly on the chemical nature of the compound, polarity, etc. 
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pee 
USE OF REVERSE OSMOSIS 


As seen on Page 833, the arrangement 
of the modules in a reverse osmosis facility 
is generally designed according to the 
reject-staged mode, as illustrated in Figure 
507, which makes it possible, using 2 or 3 
stages on the reject, to keep good internal 
hydraulics in each module, maintaining 
high conversions of up to more than 90%. 
Energy and water loss are thus minimized, 
making it easy to drain the brine or treat it 
subsequently (evaporation pond, distil- 
lation, etc.) when direct return to the nat- 
ural environment is not possible. 


e Operating conditions 

When designing a desalination plant 
using membranes, the first parameter to 
select is the conversion (Y). 

The average osmotic pressure in the 
module depends on the conversion; this 
pressure is, as a first approximation, pro- 
portional to: 


Ge G, 
2 


C, and C, being the respective concentra- 
tions in the feed and the reject. 

The reject concentration of the different 
1onic species is directly related to the con- 
version since, if salt passage in the per- 
meate 1s disregarded, 








Ce 100 C, ang et G _ G 200 - Y 
‘ 100-Y 2 2 100-Y 
Average 

V6 C, osmotic 
pressure 











In the same way, Y determines the risk 
of scaling of a system: 
for a given couple of ions ij, the product 


: = ea 
CoG (100 yy 


must be maintained below the solubility 
product of the compound ij under consid- 
eration. 

At the same time, knowing the solu- 
bility product of a given compound, one 
can calculate the maximum conversion 
such that scaling of the module can 
be avoided. As the least soluble salts are 
generally alkaline-earth salts such as: 
CaCO3, CaF2, CaSO4.2H2O, BaSO,, etc., 
or those of metals like FeS, FePOx, a pre- 
cise analysis of these elements and of their 
possible later variation is vital for any 
project. 


If one of the salts excessively limits the 
conversion possible, adequate pretreat- 
ments make it possible to remove one o: 
the ions of the combination, or to seques 
ter (with or without threshold effect) the 
precipitate that may well form. Conven- 
tional processes such as the following are 
used: 

- carbonate removal or acid dosing to 
reduce the concentration of HCO; , 

— carbonate removal, softening, to reduce 
the concentration of alkaline-earth salts, 
— iron removal, silica removal, etc. 


The table below summarizes the influ- 
ence of Y on the different parameters. 





Risk of 
scaling, 
fouling 








3. Desalination 


Furthermore, the colloids and parti- 
cles rejected by the membrane tend 
to accumulate on it; the choice of less 
sensitive modules (Table 77) as well as a 
low conversion can help to avoid this phe- 
nomenon. Still, no module really makes it 
possible to work on water with a high sol- 
ids load and, practically speaking, only 
very clean water can be economically 
desalinated (turbidity <1 NTU). This 
generally implies: 

- clarification and filtration treatments 
(1 or 2 stages), 

— control of bacteria in the system (chlo- 
rination, ozonation, UV, bisulphite). 


To verify the suitability of the water 
and of the osmosis module, the best 
criterion is measuring the fouling index. 
The most frequently used hollow fibre or 
spiral wound modules withstand FIs from 


2 to 6 at best according to their operating 
parameters. 


At any rate, gradual fouling of the 
membrane is inevitable. Chemical clean- 
ing must therefore be regularly provided 
for (at 1 to 6 month intervals). The 
chemical stability of the membrane is 
then the main criterion for selecting the 
cleaning solutions: 

- typically, citric acid solutions, ammo- 
nium citrate (pH 4 to 8), EDTA, are used 
on deposits made up mainly of metallic 
oxides/hydroxides, 

- hydrochloric or citric acid for carbonate 
scale, 

— enzyme-base detergent (pH 8 to 11) on 
fouling caused by colloids, 

— bactericides for bacterial fouling of the 
membrane, 

— ete: 





3.4, 
APPLICATIONS 


Under the aforementioned conditions, 
the use of reverse osmosis currently makes 
it possible, under economical conditions: 


eto make sea water drinkable in a 
single stage, since there is a tendency to 
produce more and more selective “high 
pressure” membranes (salt passage SP 
< 1% with NaCl) withstanding the dual 
factors of temperature and pressure better 
and better, in order to compete with dis- 
tillation, including on the warm, salty 
waters of the Middle East (e.g., Arabian 
Gulf: salinity 42-50 g.l"', temperature 30 
to 35°C in the summer). 

In this field, the use of coastal wells 
often makes it possible to avoid major 
pretreatment, generally necessary if the 
water is drawn directly from the sea (pres- 


ence of plankton, bacteria, etc. and of nu- 
merous particles originating from the sea 
bottom, suspended by currents, waves, 
etc.). Nevertheless, precautions must be 
taken when the anaerobic condition of the 
coastal strata leads to water that is rich in 
S* (risk of oxidation to the highly fouling 
S°, need for a stripper on the water pro- 
duced, etc.); 


eto produce drinking or process 
water from more or less brackish 
ground or surface water. 


In this case, the choice of modules is 
firstly guided by the desired desalination 
rate (Table 78). Nevertheless, the removal 
of the organic matter often present (sur- 
face water) is a considerable advantage 
(cf. p. 835). 

The choice of pretreatment remains the 
key to proper later operation of the 
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installations, such that on difficult water, 
the use of microfiltration or ultrafiltration 
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membranes can make perfect clarification 
of water possible. 





Figure 509. San Anates facility, Colombia. Capacity: 3,000 m’.d'. Production of drinking water from 
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coastal wells. Treatment by RO, preassembly in containers (reduction of the conductivity from 30,000 to 


100 pts.cm" and of chlorides from 15 g.I' to 150 mg.I"). 





Figure 510. Salbukh facility for the city of Riyadh, Saudi Arabia. Flow of water treated by RO: 


1920 m’.h'. Desalination of groundwater. 


The Riyadh-Salbukh plant, the largest 
in the world, operating since October 
1979, makes it possible to make hot 
(65-70°C), hard groundwater high in sil- 


ica and iron, drinkable (Table 79). The 
choice of a very high conversion (90%) 
was dictated by the cost and scarce supply 
of raw water, but necessitated an elab- 


3. Desalination 


orate pretreatment (Figure 511), requir- 
ing the control of the temperature (cool- 
ing towers), of the iron (oxidation — set- 
tling), of the silica (removal by 
precipitation with aluminate), of the 
bicarbonates (precipitation with lime) and 
of the calcium (softening with sodium 
carbonate). All of these reactions take 
place in five Turbocirculators (one as 





standby). The residual flocs and colloids 
are removed on the two filtration stages, 
upflow then downflow, with sand of 1.75 
and 0.7 mm respectively. 

Table 79 gives the characteristics of the 
water, raw, pretreated, treated by osmosis 
and drinkable (after blending with raw 
water that has only been filtered, to raise 
the mineral content to about 500 mg.I”). 


Table 79. Salbukh desalination plant. Analyses of water. 


Values observed 











Values expected 
Cooled | Osmosed 
raw water | water 

TDS (mgt')| 1470 <200 
TH (French 

deg.) 62.5 | 
HCO; (mgl')| 195 12 
Ca’* (mgt")} 170 1.8 
Mg”* (mgl")| 48 5.4 
Na" (mgl')} 220 58 
Ge (mgl')| 300 45 
SO” (mgl™)} 500 4] 
SiO2 (mg) 25 2 
Fe (mg) Zi Ves i059 
Turbidiry | (NTU)| 20 t0 50} <0.1 














Drinking 
water Cooled | Pretreated | Osmosed 
(after | raw water water 
blending) 
<500 | 1520 1320 67 
<25 71 18 <<] 
61 201 18.3 Is 
44 176 20 L5 
16 67 31 0.6 
100 210 368 20.5 
82 298 301 Hays 
160 499 518 8 
10 28 10 18 
<0.2 Om 005 <0.02 
<0).2 50 <0.1 <0.05 
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16 wells | | 


8 cooling towers 
2160 m*.h! 


Sludge to 
pond 
CIRCULATORS 


i Wash wat 
2 filters and 6 filters ash water 
prefilters and prefilters 
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Acid and HMP 


610 m°.h? 


210 m*.h" 
840 
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Distributed water 
2530 mh?! 





Figure 511. Salbukh plant for the city of Riyadh, Saudi Arabia. 
Nominal capacity: 2,530 m’.h', Desalination of groundwater. Flow diagram. 


4. Clarification and disinfection of water 


4, CLARIFICATION AND DISINFECTION OF WATER 


The production of drinking water, as 
well as of numerous types of process water 
from natural water, always implies the re- 
moval of the suspended matter, whatever 
its origin or nature. This is assessed par- 
ticularly in terms of removal of turbidity 
(clarification...) and in terms of disin- 
fection. 

As seen in Chapter 3, with microfiltra- 
tion or ultrafiltration membranes with 
high removal thresholds, the whole of the 
standard clarification and filtration oper- 
ations can be provided in a single step. 
These membranes also constitute a barrier 
against bacterial pollution and even viral 


pollution according to their removal 
threshold (see page 215), and this is with- 
out the use of reagents, i.e., without con- 
tributing to the production of “sludge”. 

An economical solution, developed at the 
initiative of Lyonnaise des Eaux-Dumez, 
was perfected using hollow fibre modules 
with internal skin, such as those described 
on page 826, assembled in a continuous 
single-stage system (Figure 512). 

For most of the applications and with 
the arrangement of the modules presented 
below, Degrémont chose to keep the reject 
line closed in order to ensure a high con- 
version; the flow of permeate is thus set 


Ultrafiltration blocks 


200um filters 


Force feed pump 


Backflush pumps 


Catchment 


Distribution pumps 
aap s amg 
i 
F Hypochlorite 


dosing station 


a ee 


= os «> Treated water 





Treated water tank 


Figure 512a. Douchy facility, France. Capacity: 50 m’.h', Production of drinking water from groundwater. 


Principle of operation. 
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Backflushing 
inlet 
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Ultrafiltration block 


Treated 
water 
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Feed 


Flushing water 
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inlet 





Recirculation 
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Figure 512b. Douchy facility, France. Principle of each UF block. 


by the value of the force feed flow. As the 
circulation loop becomes concentrated, the 
resistance of the filtration cake increases 
and the pressure across the membranes 
needed to produce the set flow of per- 
meate fluid becomes greater. 


When it reaches a set value, the recir- 
culation pump is stopped, the back- 
flushing pump located in the permeate 
line is started up and the reject valve is 
opened. The reversal of the directions of 
flow through the wall of the hollow fibres 
makes it possible to dislodge then remove 
the cake of particles (Figure 513). 


The backflushing operation is very 
short (e.g., 30 s every 60 min) and the 
conversions are thus greater than 90%, 


even 95%. 


Designed like this, the system is easy to 
automate. The conversion depends on the 
frequency of the backflushes needed to 
maintain the set flow. The quality of the 
water produced does not depend on the 
quality of the raw water; that is one of the 





decisive advantages of the membrane 
processes: not to need adjustment of the 
reagents (coagulant, flocculant) when raw 
water quality varies. This security of 
treatment of the membrane system is par- 
ticularly advantageous for small and 
medium-size installations. 


Figure 514 gives the results, over sev- 
eral months, of a system with Lyonnaise 
des Eaux-Dumez type microfiltration 


Pressure 
across membranes P, 


Production 


Backflushing 30 to 90 min 
(30 s) 


Figure 513. Backflushing sequence. 
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membranes compared to those of the pre- pressurized outside the bundle of fibres, 
existing facility equipped with direct fil- and the drinking water is recovered inside 
tration. the fibres. 

In certain cases the preceding system The “cake” accumulated outside the 
can be modified to operate without a fibre is regularly removed by very fre- 
recirculation pump. Hollow fibres with quent backflushes (for example, every 5 
external skin operating in “dead end” to 30 min). This system, more econom- 
mode are then used. The raw water is ical in energy and capital cost (absence of 


5 
= 
q 
> 
= 
= 
2 
4 
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Figure 515. Amoncoutt facility, Eastern France. Capacity: 10 mh’. Production of drinking water by UF 
from groundwater. 
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recirculation loop), leads to a greater loss 
of water if the raw water has a high solids 
load, however. 

Based on the same principle, one can 
clarify swimming pool water, brackish 
water or sea water before passage 
through RO modules, water intended 
for reinjection in enhanced oil recovery, 


process water used, for example, in the 
beverage industry or the pharmaceutical 
industry. 

In all these applications, the mem- 
branes also constitute an absolute bar- 
rier for microorganisms. This is often a 
decisive advantage compared to other 
clarification processes. 


5. Ultrapure water 


5. ULTRAPURE WATER 








ay 


THE ELECTRONICS 
INDUSTRY 


The semiconductor industry has long 
required water that is chemically, phys- 
ically and biologically very pure; however, 
the extremely advanced miniaturization 
of the components and integrated circuits 
has brought about ever more demanding 
standards on the quality of ultrapure 
water. 

In Chapter 2, page 71, the ASPEC rec- 
ommendations are summarized. They are 
similar to the American (ASTM) or Japa- 
nese recommendations that are provided 
for components reaching memory capac- 
ities of 4 Mbytes. 

The chemical part of these guarantees 
has evolved only slightly (as 18 MQ.cm at 
25°C is quite near the theoretical limit). 
The guarantee of 5 Ug.’ SiO is typical. 

The physical and biological character- 
istics, on the other hand, have become 
much stricter: 

— the TOC must be reduced to 50 pg.” 
and even to 20pg.l' (instead of 
500 g.I' previously), 

— the number of bacteria must be less 
than 10 per litre, 

— the sizes of the particles taken into con- 
sideration have gone from 0.5 Um to 
0.1 um, even 0.05 Um, 

— lastly, in certain cases, there are 
requirements related to dissolved oxygen 
(Or < 0.1 mg.I’, even 0.05). 


5.1.1. The various techniques used 


Figure 516 shows an example of a 
fairly typical treatment route in which the 


use of membranes, combined with other 
more standard treatments, gives the sys- 
tem exceptional reliability, even with raw 
waters whose composition is not fully 
known (in particular the nature of their 
organic matter and of their particles). 


5.1.1.1. Dissolved inorganic pollution 


This is removed mainly by two means: 
— reverse osmosis (often low pressure) 
that retains approximately 90 to 95% of 
the entering TDS and considerably 
relieves the ion exchangers located down- 
stream, 
— ion exchange: according to the extent of 
the residual TDS of the water after RO, 
the installation of demineralization on 
resins includes a primary line (strong acid 
cation and strong base anion) followed by 
a mixed-bed finishing exchanger, or 
directly a mixed-bed exchanger to obtain 
a resistivity greater than 14 MQ.cm. In 
addition, another mixed-bed exchanger 1s 
placed as polishing on the circuit of the 
loop to obtain the desired 18 MQ.cm. 


e Regeneration reagents 

By virtue of the quality of the water 
required, it is absolutely necessary not to 
introduce impurities with the regenerant 
chemicals. They (H2SO4, HCl and 
NaOH) must be of high quality. 


e Resins for mixed beds 

The proper operation of a mixed bed 
resides largely in the effectiveness of its 
regeneration which in turn is conditional 
upon the successful separation of the res- 
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ins. Indeed, we know that an insufficient 
separation of the resins causes ion leak- 
ages that are intolerable in this case 
(cross-contamination, see page 1355). In 
this area, several improvements are pro- 
posed: 

- use of triple-layer beds, 

— development of the resins known as 
“monospheres” the granulometry of which 
is extremely precise and allows an excel- 
lent reclassification, 

— use, in polishing, of non-regenerable 
resins of “electronic quality’, specially 
treated and rinsed to obtain a very high 
resistivity and a low TOC. These resins, 
relatively costly to use, have two impor- 
tant advantages, however: 

. no risk of contamination of the cir- 
cuits and of the resins by the regen- 
erants, 

. simplicity of the equipment used. 


Clarification 


5.1.1.2. Particle, organic and _bacteri- 
ological pollution 


These types of pollution, which are not 
independent, are measured by the num- 
ber of particles and their sizes, the num- 
ber of bacteria, the TOC. 


The techniques used to treat them can 
be classified into two groups: 
— disinfection/oxidation processes that 
destroy the bacteria and oxidize the 
organic particles more or less totally, 
— membrane processes that remove parti- 
cle and organic pollution. 


e Disinfection 

Chlorine and its derivatives can be 
used, but only in pretreatment. Highly 
effective, they have the disadvantage of 
increasing TDS while introducing chloride 
ions as well as derivatives (haloforms). 


pHregulation 


non-regenerab 


Cold water 
utilization 
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S Heat exchanger 
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Figure 516. Treatment line for the electronics industry. 


5. Ultrapure water 


Ozone is a more powerful oxidizing 
agent than chlorine and does not intro- 
duce additional ions; on the other hand, 
in insufficient dosages, it can also produce 
pyrogenic degradation products (sub- 
stances able to trigger a rise in heat after 
injection). The current practice is to ar- 
range the make-up water storage at the 
end of the treatment line. An inert gas at- 
mosphere is used if the capacity is less 
than 2 hours; for a capacity of more than 
2 hours, a continuous disinfection of this 
tank is considered in more and mote 
cases, with a residual O3 content of 
about 5 mg". 

UV are used alone or with ozone. Gen- 
erally, one or two stations arranged as fol- 
lows are found on the installations: 

— the first station destroys the last bacte- 
ria and any residual ozone that may be 
present. Mixed beds protected like this 
stabilize the CO2 and the compounds 
arising from the destruction of the bacte- 
ria (S, P, Na, etc.), 

— the second station is placed as a safety 
precaution before final filtration: these 
apparatuses then produce a small quantity 
of CO2 which, no longer able to be stop- 
ped, can slightly lower the final resistivity. 


e Membrane processes 

The illustration (page 210) establishes 
the areas of application of the three main 
techniques: microfiltration, ultrafiltration 
and reverse osmosis. 


Microfiltration, 
mainly used: 
— as a safety precaution upstream of the 
reverse osmosis treatment of the make-up 
water, 
— downstream from the ion exchangers, 
to retain any possible resin fines, 
— at the points of use to retain bacteria 
(bacterial growth is still possible in the 
pipework) and particles. 


in this context, 1s 


Ultrafiltration is used on the produc- 
tion loop at the end of treatment so as to 
stop viruses, macromolecules (including 
pyrogens) and particles. It is used partic- 
ularly when flushing is carried out hot (60 
to 85°C), since UF membranes withstand 
high temperatures better than RO mem- 
branes. 


Reverse osmosis (low pressure) 
almost always used on the make-up water 
to relieve the demineralization equip- 
ment, but especially as a nearly absolute 
barrier against the various types of organ- 
ic pollution. With the new water quality 
requirements, it is more and more com- 
mon to also use RO on the production 
loop, instead of UF or MF, to reduce dis- 
solved organic pollution (TOC) as much 
as possible. According to the type of 
membrane and the nature of the organic 
compounds, a removal of 50 to 80% of 
the TOC present can thus be expected at 
this final stage. 


5.1.2. Measuring methods 


Measuring residual traces of pollution 
has become much more delicate .than 
measuring residual ions. 


For several years there have been TOC- 
meters allowing continuous measuring 
with sufficient precision for ultrapure 
water (see page 340). 


Control of particles is ensured by laser- 
equipped optic counters which provide a 
continuous, accurate count. 


Bacteriological checking is done by 
counting on a 0.45 [um membrane, after 
incubation for 24 or 48 hours, by epifluo- 
rescence, a procedure which provides fast- 
er evaluation. 


847 


848 


Chap. 15: Separation by membranes 


5.1.3. Comments on the design and 
completion of installations 


It is necessary to take a certain number 
of precautions for the general design of 
the systems, in particular: 

- to avoid all dead zones as much as 
possible (valves, elbows, sample tap- 
pings, by-pass systems, branches of shut 
down pipes, “dead ends”). A minimum 
velocity must be maintained in all sys- 
tems, a velocity below which dead zones 
would be created that are favourable to 
bacterial growth. This necessitates the 


aie 


design of recycle loops in all the systems, 
— to avoid or reduce the storage of water, 
— to provide, immediately downstream 
from a unit, for the stopping of the pollu- 
tion that unit can cause, e.g.: filtration of 
resin fines downstream from an ion ex- 
changer, 

— by virtue of the corrosity of ultrapure 
water, to carefully choose the materials 
in contact with such water in order not 
to release by-products. The use of PVC 
is becoming less frequent, giving way to 
more “noble” materials such as ABS and 
PVF. 





Figure 517. Corbeil facility, Paris area, France, for IBM. Production of ultrapure water by RO. 4 treatment 
lines each including 3 module stages (5 + 2 + 1) of unit capacity 47 m’.h". 
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PHARMACEUTICAL 
INDUSTRIES 


Although quantitative needs are gener- 
ally more modest in the pharmaceutical 
industries, requirements in terms of qual- 
ity material are comparable to those of 
the electronics industry. 


Thus there are ultrapure water produc- 
tion processes that are quite widely used 
which have, in particular, the loop types 
of distribution and the membrane tech- 
niques mentioned previously. 

For the preparation of “injectable” lig- 
uid (apyrogenic water), note that pharma- 
copeia in France still imposes dual distil- 
lation. 


/——— 6. Other applications of membranes in the treatment of water 





6. OTHER APPLICATIONS OF MEMBRANES 
IN THE TREATMENT OF WATER 





6.1. 
MWW RECYCLING 
TREATMENT 


In the absence of better quality re- 
_ sources, municipal wastewater can be re- 
used, and has the advantage of being 
available at the urban site at no cost. 
Therefore, the reuse of such water is more 
and more often being considered for 
“noble” uses such as: 

— demanding industrial uses, e.g.: MP 
and HP boilers, process water (Figure 
518), 

- recycling in urban environment with 

MWW 


Biological 
. filtration 
treated with 


nitrification / denitrification 


Reject 


BOILERS 


100 bar exchange 


Lime 
softening 
a | 
pressure) 





risk of human ingestion (e.g., amusement 
parks, recharging aquifers, internal reuse 
in buildings). 

In these cases, the use of the RO system, 
generally using low pressure (or UF if there 
is no advantage in the removal of TDS), 
makes it possible to obtain greater reliabil- 
ity than that of the “conventional” systems, 
particularly for the removal of the refrac- 
tory OM and pathogens. 

These treatments, which are still some- 
what rare, are quite competitive com- 
pared to sea water desalination when 
applied to water having already under- 
gone effective biological treatment. 


Filtration Filtration 
1 2 
pH 


correction 


Figure 518. Example of treatment line recommended to recycle MWW as make-up water to a boiler oper- 
ating at 100 bar (resistivity > 12 MQ.cm, COT < 0.2 mg.I', Fe, Cu... < 5 ug.t"). 


G2 

TREATMENT 

OF INDUSTRIAL 
EFFLUENTS 


Taking into account their ability to 
separate different aqueous solutes (ionized 





or not), and particles of all sizes, mem- 
branes can solve a priori most effluent 
treatment problems. 


Consideration of economic parameters 
(investment, energy, replacement cost of 
the membranes) and the fact that the lev- 
el of concentration remains limited 
(osmotic pressure, viscosity, scaling), are 
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the reasons why these techniques are pres- 
ently only considered in the following 
cases: 

- recovery of a high quality water for 
local reuse (preceding par.), 

- reclaiming of the concentrate. 

In this case, it is necessary to recover 
the wastewater in the immediate vicinity 
of its production: one can then remove 
contaminants and obtain a product of 
value at the same time. For example: 

* oiling products and indigo in the tex- 

tile industry (UF), 

* pigments and resins in rinse water af- 
ter electrophoretic painting (UF, 
MF), 

* proteins of the red liquors from 
starch mills (UF), 

* whey proteins (UF), 

* noble metals in colloidal suspensions 


(UF, MF), 


* metals of electroplating baths (e.g., 
nickel by RO), 


* lignosulphonates in the black liquors 
of paper pulp mills. 


— treatment of wastewaters that are quite 
difficult due to their non-biodegradability 
or toxicity, for example: 

* “soluble” oils of machine-tools, 

* lubricants of cold rolling mills. 


Ultrafiltration can make it possible: 

- either to “concentrate” hydrocarbon 
suspensions from 10-30 g.l" up to 300- 
500 g.I' (suitable for incineration), 

- or to purify so-called “synthetic” solu- 
tions in removing their suspended impu- 
rities, oxides, oils and greases that other- 
wise must be periodically drained. The 
“effective life” of costly, highly polluting 
products is thus prolonged. 
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Figure 519. Zwickau facility for Citroén, Germany. Capacity: 100 m’.d™!. Ultrafiltration on soluble oils. 


6. Other applications of membranes in the treatment of water 


5.5. 
MEMBRANE 
BIOREACTORS 


In Chapter 11, page 694, we saw the 
importance, in aerobic biological treat- 
ment, of clarification processes (separation 
of biomass and water) that control the 
quantity of biomass maintained in the re- 
actor, as well as the quality of the effluent 
_ (SS, insoluble COD and BODs). 


MF membranes have the necessary 
properties to carry out this separation: 
— they retain all bacteria, for membranes 
with a pore of less than 0.4 Um, and thus 
make it possible to concentrate the bio- 
mass at very high values and thereby to 
reduce the volume of the reactors, 
— they allow the passage of water, salts 
and other dissolved metabolites arising 
from the biological reaction. 


Use is limited mainly by the capital 
cost and the limited flows possible with 
membranes in contact with bacterial cul- 
tures: 

— phenomena of clogging, even colo- 
nization, which must be countered (high 
circulation velocity, regular backflushing, 
etc.), 

— possible adsorption of metabolites in 
the pores (chemical washing). 


Nevertheless, membranes have already 
been used in extreme cases: 
- recycling of wastewater in cases 
where maximum compactness and safety 
are desired (e.g., Japanese buildings): 
microfiltration is then combined with a 
treatment by activated sludge where the 
membrane provides clarification and 
maintains a biomass concentrated up to a 


level of 10-15 g.I' in the aerobic reactor; 
production of excess sludge is very lim- 
ited. 

In this case, highly purified water can 

be obtained: SS <1mg.l', BODs 
<5 mel”; 
- clarification after an anaerobic di- 
gester: the performance of “contact” sys- 
tems (cf. Chapter 12) is limited by insuf- 
ficient thickening of the sludge. The use 
of MF membranes, plate or tubular type, 
has made it possible to maintain up to 
30 gl SS of sludge at 60% VS in such 
digesters, and to proportionately increase 
the load applied. The use of an effective 
thickening system thus makes it possible 
to reduce the volume of the reactor. 


TW tobe 
recycled 


Aerobic 
reactor 
SS>10 
to 15g.) 





Figure 520. A membrane bioreactor. 


With the evolution of membranes, one 
can even devise systems such as the one in 
Figure 520 where the aerobic reactor, pro- 
tected from external contamination, can 
work in “pure” growth well adapted to a 
specific type of pollution or to highly con- 
centrated pollutions. Very high degrada- 
tion kinetics are thus achievable, which 
would minimize reactor volumes and even 
make it possible to remove substances 
which cannot be degraded by the conven- 
tional processes. 
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DEAERATION, STRIPPING, 
EVAPORATION 


Industrial devices used for deaeration 
or stripping by gas and liquid phase mass 
transfer may be divided according to their 
function as follows: 

— decarbonators, air or gas strippers, 
— steam strippers and distillation 
columns, 


— deaerating heaters, 
— vacuum deaerators, 
— combined deaerators. 


Gas scrubbers are based on a similar 
concept but work by absorption and 
should also be considered here. 


1. DECARBONATORS AND AIR 


OR GAS STRIPPERS 


CO, removal is a necessary component 

of various water treatment processes: 

— pH correction of drinking water, 

— removal of the CO2 from water to be 
demineralized after treatment on a cation 
exchange resin, 

— removal of the CO2 from an activated 
sludge liquor (pure oxygen process) or 
from industrial wastewater. 

Packed column technology is generally 
considered to be the most frequently used, 
although CO2 removal may also be car- 
ried out by: 


— spray aeration (see page 874), 


— bubble aeration (see pages 705 and 
877), 


— mechanical mixing (see pages 699 and 
877). 


In these packed columns a strong coun- 
tercurrent flow of gas, called the stripping 
gas, removes the undesirable dissolved 
gas. As the liquid descends inside the 
column, it is depleted of the dissolved gas 
and enriched with the stripping gas in the 
gaseous phase. 
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The removal efficiency of the strippers, 
which is governed by the laws of gas and 
liquid phase mass transfer, therefore de- 
pends on ensuring: 


— an extremely even distribution or 
spraying of the water over the entire sur- 
face of the column, 


— an extensive gas-liquid interfacial area, 


Ld. 
DECARBONATORS 


In these devices (Figure 521), the 
water is either sprayed or finely dispersed 
and evenly distributed over ordered or 
random packing, comprised of rings, sad- 
dles, etc., made of plastic or a non- 
corroding material. Air is supplied by a 
blower housed beneath the packing sup- 
port tray. The air and water circulate in 
counterflow. The deaerated water is col- 
lected in a tank located beneath the con- 
tact column. 

As indicated in chapter 3, page 276, 


— purity of the stripping gas, avoiding 
additional contamination of the water to 
be treated, 


— even distribution of the stripping gas at 
the column base. 

Depending on their primary applica- 
tion, these devices are called decarbona- 
tors, aif strippers or gas strippers. 


relevant to gas and liquid phase mass trans- 
fer, the residual CO: concentration in the 
liquid phase is a function of the temper- 
ature, the water flow velocity, the type and 
quantity of packing and the air flow rate. 

The general characteristics of Degré- 
mont decarbonators are: 
= water flow rate: approximately 30 to 
70 m’.h™ per m’ of straight section, 

- air flow rate: approximately 10 to 4¢ 
times the water flow, 
— packing depth: 1.5 to 2.5 m. 

When properly designed, a decarbona 
tor can achieve a residual concentratior 
approaching the equilibrium concentra- 
tion. 


1. Decarbonators and air or gas strippers 





1 — Water inlet. 

2 — Water outlet. 

3 — Blower. 

4 — Level control chamber. 
5 - Float. 

6 — Drain. 


7 - Spray nozzle. 


8 — Distribution tray. 

9 — Packing support tray. 
10 - Water tank. 

11 - Packing. 





Figure 521. Decarbonator. 
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Figure 522. Nangis facility (Paris area, France) for SEIF (Orkem Group). Flow: 140m’.h'. Decarbonator 
in the ammonia condensate treatment unit. 
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ie 
AIR: SERIPPERS 


Designed according to the same princi- 
ple as the decarbonators, these units are 
used to remove certain dissolved gases 





ie 
GAS STRIPPERS 


When air cannot be used (because of 


pollution or oxygen), another gas avail- 
able in sufficient quantity (inert gas, nat- 
ural gas) serves as the stripping gas. 

In oil drilling, natural gas strippers are 
used to remove the oxygen from the water 
reinjected into the wells. 

These units are slightly pressurized in 
order to feed a waste gas burner with the 
polluted gas. 


from water, such as H2S and chlorinated 
solvents. 

The water and air flows are determined 
taking into account the temperature of 
gas and liquid phase mass transfer, the 
gas or gases to be removed (initial and 
final concentration) and the type and 
depth of the packing. 





Figure 523. Enchova (Brazil) facility for Petrobras. 
Flow: 


natural gas. 


Biel ae, . 
2x 270 m.h’. Sea water stripping using 


2. Steam strippers and distillation columns 


2. STEAM STRIPPERS 


AND DISTILLATION COLUMNS 


When the gases to be removed are 
highly soluble (NHs3), deaerating at ordi- 
Mary temperatures is a costly process. 
Since the solubility of gases decreases as 
the temperature rises, high temperatures 
facilitate their removal. 


This process is implemented in steam 
strippers or distillation columns (which 
involve a reflux), in which the steam 
serves two purposes: it heats the liquid 
phase and carries off the dissolved gases 
for removal. 


In water treatment, these units are 
used primarily to remove ammonia from 
gasification or coke plant effluents (Figure 
524). The water to be treated is intro- 
duced at the top of the column; the steam 
is injected into the base in a counter- 
current flow. Contact between the liquid 
and gas phases can be achieved either by a 
stack of trays or by several levels of pack- 
ing. In view of the ammonium content in 
the water to be treated, an additional area 
must often be provided above the water 
inlet for ammonia vapour concentration. 
Once condensed, the product may be ei- 
ther recovered or destroyed, as needed. 


In any case, implementing this type of 
facility requires special precautions, both 





in terms of equipment selection (corro- 

sion, tar deposits), and operation (harm- 

ful gases, hazardous materials). 
_ 





Figure 524. Seraing (Belgium) facility, for Cokerill- 
Sambre. Flow: 30 m’.h"'. Distillation of coke plant 
ammonia liquors. 
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3. DEAERATING HEATERS 





One frequent application of steam 
stripping is to remove dissolved oxygen 
and carbon dioxide from boiler feedwater. 

This process involves the use of deaer- 
ating heaters in which the appropriate 
saturated vapour pressure and temper- 
ature conditions are maintained such that 
the dissolved gases are transferred to the 
vapour phase and vented on a continuous 
basis. 

Depending upon the application, 
deaerating heaters may operate under 
pressure or under a slight negative pres- 
sure and in all cases, meet the require- 
ments of gas and liquid phase mass trans- 
fer, i.e.: 

— maximum water-vapour interfacial ar- 
ea, 

— water temperature nearly equal to that 
which corresponds to the saturated vapour 
pressure for deaeration, 

— partial pressure of the gas to be 
removed lower than the partial pressure 
corresponding to the final required con- 
tent, according to the laws of gas and liq- 
uid phase mass transfer, 

— even distribution of the liquid and gas 
phases. 

Degrémont deaerating heaters may be 
divided into the following design cate- 
gories: 

— deaerating heaters with built-in  stor- 
age: 

— vertical deaerating heater, 

— horizontal deaerating heater. 

— deaerating heaters with separate stor- 
age: 

— deaerating heaters with horizontal 
storage tank, 

— packed column deaerators. 





1 - Spray valve water box. 
2 - Spray valve. 

3 - Steam scrubber. 

4 - Storage tank. 

5 — Steam piping. 

6 — Bubbler. 

7 — Hydraulic siphon. 

8 — Water to deaerate. 

9 - Deaerated water. 
10 — Condensate return (optional). 
11 - Gas vent. 


Figure 525. Vertical deaerating heater. 


3. Deaerating heaters 


1. 
VERTICAL DEAERATING 
| HEATER 


This unit is used mainly for low water 
flows of no more than 20 to 25 m*h'! 
and usually operates at a pressure of 
0.3 bar. 

It is a monolithic unit comprising three 
compartments (Figure 525): 

— a spray valve heater, located in the up- 
“per section, where the sprayed water (2) is 
heated by contact with some of the steam 
from the steam scrubber, 

— a steam scrubber (3) located in the 


5.2. 
HORIZONTAL 
DEAERATING HEATER 


Degrémont horizontal deaerating heat- 
ers are designed to operate at pressures of 
at least 0.3 bar and can accommodate 
cold water flows from 25 m*h' to 
600 m’.h". 

Like the previous model, this horizon- 
tal vessel has three compartments (Figure 
526): 

— a spray valve heater (1) located under 
the sprayed water inlet, in which the water 
is heated by the steam escaping from the 
steam scrubber through the baffle (4), 

— a steam scrubber (2) in which the 
steam is evenly distributed by a system of 
distributor pipes. 

Due to the natural circulation induced 
by the difference in liquid phase density 
between the spray valve heater (water and 
condensed vapour) and the steam scrub- 


middle section where the heated water 
from the spray valve heater is put in close 
contact with the steam that is thoroughly 
dispersed by a bubbler (6), 

— a deaerated water storage compartment 
(4) fed by steam scrubber overflow and 
discharged through the deaerated water 
drain pipe (9). 


The gases carried off by the steam are 
vented through a valve (11) in the annu- 
lar space surrounding the spray valve box 
in the upper part of the unit. 


Safety devices (a hydraulic siphon and 
vacuum-breaker) are provided to prevent 
accidental pressurization and backflow. 


ber (two-phase mixture of water and 
vapour), the water flows into the boiler 
through calibrated orifices (3), 

— a deaerated water storage compartment 
(10) fed with deaerated water from steam 
scrubber overflow. 


The flow of water and steam into the 
deaerating tank is controlled by regulating 
valves (7 and 8) actuated by the water 
level in the tank and by the vapour pres- 
sure in the compartment, respectively. 
The deaerating tank has safety devices: 

— against backflow: a vacuum-breaker, 
— against overpressure: hydraulic siphon 
or pressure relief valve(s), depending on 
the deaeration pressure, 

— against excess flow: a siphon or over- 
flow. 


The unit is designed to accommodate 
significant flow variations (a factor of 1 to 
5 depending upon the application). It also 
achieves very low oxygen concentrations in 
the deaerated water (no greater than 


10 wgt'). 
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860 1 - Spray valve heater. 7 - Water to deaerate. 
2 = Steam scrubber. 8 - Steam inlet valve. 
3 - Calibrated orifices. 9 - Vacuum-breaker. 
4 - Baffle. 10 - Deaerated water. 
5 - Spray valve box. 1] - Annular space around sprayers. 


6 - Venting of gases mixed with steam. 


Figure 526. Horizontal deaerating heater. 


3. Deaerating heaters 


Figure 527. Polychemie Bedrijf Beek (Netherlands) facility for DSM (Dutch Staat Smijnen). Flow: 


255 m’.h'. Horizontal deaerating heater. 


p.3. 

DEAERATING HEATER 
WITH HORIZONTAL 
STORAGE TANK 


Unlike the preceding deaerators, this 
unit consists of heating and scrubbing 
compartments only, with the deaerated 
water stored in a separate tank under the 
deaerator and supporting it. 

Its design principle (Figure 528) is 
based on that of the vertical deaerator. 





The deaerator proper and the storage tank 
are connected by the deaerated water pipe 
(7) and the steam pressure equalizer (8), 
which maintains equal pressure in the two 
vessels. 

Deaerating heaters with horizontal 
storage tanks are designed to tolerate fre- 
quent start-ups; their high efficiency is 
virtually unaffected by the substantial 
fluctuations in operating conditions to 
which they are subjected. 
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1 - Spray valve box. 

2 - Steam scrubber. 

3 - Heated water collection. 

4 — Inlet at bottom of steam scrubber. 
5 - Steam distribution pipe. 

6 — Diffuser. 

7 — Deaerated water. 

8 - Steam pressure equalizer. 


Figure 528. Deaerating heater with horizontal stor- 
age cank. 





3.4, 
PACKED COLUMN 
DEAERATOR 


Like deaerators with horizontal storage 
tanks, these units are usually mounted on 
storage tanks to which they are connected 
by the deaerated water and steam pressure 
equalizer pipes. 

The gas-liquid interface forms on pack- 


ing consisting, for example, of metal or 
plastic rings. The water is sprayed from 
above the packing and the steam is 
injected from under the packing support 
tray, 

For a given flow of water to be deaer- 
ated, packed column units have a smaller 
diameter than deaerating heaters with 
horizontal storage tanks. Both designs can 
tolerate flow variations and frequent start- 
ups. 








3. Deaerating heaters 





Figure 529. Paris-La Villette (France) facility for CPCU. Flow: 120 t.h'. Packed column deaerator. 
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4, VACUUM DEAERATORS 


When even temporary heating of the 
water to be deaerated is unfeasible, or 
when stripping steam is unavailable, dis- 
solved gases are removed in a vacuum. 


Water, which vaporizes naturally under 
vacuum pressure of between 1.5 and 
6kPa, depending on the temperature, 
constitutes the stripping phase. 


This unit operates under absolute pres- 
sure close to the saturated vapour pressure 
for water at a given temperature to per- 
mit transfer of the dissolved gases from 
the liquid to the gas phase. 


Contact between the two phases occurs 
on packing, the choice of which depends 
on the gas to be removed and the desired 
degree of removal. 


Degrémont vacuum deaerators (Figure 
530) consist of a hermetically sealed verti- 
cal tank that contains the packing. The 
water is evenly distributed over the entire 
surface of the packing by one or more 
spray valves or distributors. The gases 
removed from the liquid phase are sucked 
out through the upper section to the sys- 
tem that maintains the permanent vacu- 
um required for deaeration. 


The vacuum device is relatively expen- 
sive and is comprised of: 
- liquid ring vacuum pumps, 
— steam or air jet ejectors, 
— vacuum pumps combined with air 
ejectors used to create a very high vacu- 
um. 


Vacuum deaerators often have two or 
three packing stages. For cold water, three 
stages are required for thorough deaer- 
ation (15 to 20 bgt" of oxygen). At each 
stage, the water is distributed from above 





the packing and the gases are removed by 
the vacuum system. Pressures decreasing 
from the upper to the lower stages permit 
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1 - Raw water. 

2 - Deaerated water. 

3 - Gas outlet. 

4 — Reagent injection (where applicable). 
5 — Packing. 

6 - Storage. 


Figure 530, Vacuum deaerator. 


4, Vacuum deaerators 


water to flow down from one stage to 
the next. These deaerators are fitted 
with control and monitoring devices 
designed to operate in a vacuum. The 
system must be perfectly airtight, so as 
not to jeopardize the treatment process. 

Vacuum deaerators that operate at 
ambient temperature are implemented 
in the treatment of fresh or sea water 
for reinjection wells used in oil produc- 
tion. 
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Figure 531. Dubai (Persian Gulf) facility, for Dubai Petroleum. Flow: 3 x 750 m’.h'. Sea water injection 
platform. Three vacuum deaerators. 
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5. COMBINED DEAERATORS 


For high concentrations of gas, two ar- 
rangements are possible: 
a) for water with a very high CO? concen- 
tration, a two-stage treatment involving: 
— a decarbonator, 
- thorough removal of the remaining gas 
in a vacuum deaerator, 


b) to remove O2 from cold water, a 
stripping gas used in a vacuum deaer- 
ator, which combines the advantages of 
the two techniques. This device is useful 
in oil fields, for treating injection water. 


6. AIR SCRUBBERS - AIR DEODORIZING DEVICES 


It is often necessary to treat contam- 
inated air in industrial or municipal 
wastewater treatment facilities or in some 
factories (synthetic chemistry, biochemical 
plants, agricultural and food processing 
industries, etc.). 

One effective means of coping with the 
odour problem is to scrub the air with an 
appropriate solution. Pollutant removal is 
governed by the laws of gas and liquid 
phase mass transfer. 

The most common pollutants fall into 
the following categories: 

- sulphur compounds: H2S, mercaptans, 
sulphides, 

— nitrogen compounds: ammonium, 
amines, amine oxides, indole, skatole, etc. 
— various organic compounds: organic 
acids (acetic, propionic, butyric, etc.), 
aldehydes, hydrocarbons, phenols. 


Table 80 shows indicative odour 
threshold concentrations for some of these 
compounds. 

The solutions used to treat the preced- 
ing products are: caustic soda, acid, 
sodium hypochlorite, ozonated water. The 
pollutants are either removed by simple 
dissolution or neutralized by chemical re 
action. For example: 

H2S + 4NaClO — H2SO4 + 4NaCl. 

The choice of solution depends on the 
pollutant(s) to be removed and on the de- 
sired removal efficiency. Often, severa! 
different scrubbing procedures are com- 
bined using several scrubbers in series. 
This multi-stage process achieves a high 
degree of removal of most pollutants. 

The scrubbers most frequently encoun- 
tered in the treatment of contaminated air 
are described hereafter. 





One 
VENTURI SCRUBBERS 
The air to be cleaned is injected at high 


velocity and closely contacted with the 
scrubbing solution, which is finely dis- 


persed in the gas flow. The treated air 
comes out through the upper section and 
the liquid containing the absorbed gases is 
discharged through the lower section. 
These devices, used most frequently for 
heavily dust-laden air, cause high head 
loss, resulting in high energy consumption. 


6. Air scrubbers — Deodorizing devices 


Table 80. Odour threshold concentration of certain compounds (in air, in 
mg.Nm?>). 






Volatile fatty acids 







Formic 3.0 
Acetic 0.95 
Propionic 0.08 
n-butyric 5.0 
n-valeric hen 






0.07 to 1.2 
0.05 to 0.4 
0.16 


Formaldehyde 
Acetaldehyde 
Acrolein 












6.2. 
PACKED BED 
SCRUBBERS 


In these devices, the gas and liquid 
phases are contacted on either ordered 
(tubes, modules) or random (rings, sad- 
dles, perforated discs, etc.) packing. 


Degrémont scrubbers have random 
plastic packing. The volatile compounds 
to be removed are absorbed as the air rises 
through the packing (Figure 532). 


The scrubbing solution, evenly distrib- 
uted over the packing, is collected under 
the scrubber and recycled by pump to the 


. 
| 
. 


Sulphur compounds 






| Aldehydes 





Hos 0.012 
SO? 0.6 
Methyl mercaptan 0.003 
Dimethyl sulphide 0.008 
Dimethyl! disulphide 0.01 









Nitrogen compounds 





Ammonia 0.02 to 0.6 
Monoethylamine 0.02 
Dimethylamine 0.05 






top of the unit. The solution gradually 
becomes saturated during successive 
recycling. Once the solution is totally 
saturated with pollutants, it is drained 
out to a treatment unit and a tankful of 
fresh solution is added to the scrubber. 


Degrémont scrubbers are desi ned for 
air flows of about 4,000 Nm’.h" per 
m’ of cross-section, with very low recy- 
cle rates. Depending on the size of the 
units, they may be made of plastic or 
concrete. 


With the appropriate reagent combi- 
nation and number of levels, foul- 
smelling compounds can be removed at 
highly efficient rates. 
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1 - Concentrated reagent feed pump. 8 - Make-up water valve. 
2 - Scrubbing liquid tank. 9 — Level regulator. 

3 - Wash water pump. 10 — Level indicator. 

4 — pH probe. 11 - Concentrated reagent. 
5 - Flow control valve. 12 - Packing. 

6 — Flow meter. 13 - Air inlet. 

7 — Spray nozzle. 14 - Air outlet. 


Figure 532. Diagram of the scrubbing-deodorizing circuit. 





7. Sea water evaporators 





7. SEA WATER EVAPORATORS 


“an 
MARINE SINGLE-EFFECT 
EVAPORATION 


Early sea water evaporation processes 
involved a single-effect evaporator (Figure 
533). The water was brought to a boil at 


1 - Sea water inlet. 

2 - Sea water to be distilled. 
3 - Sea water discharge. 

4 - Brine discharge. 

5 - Distilled water. 

6 - Heating fluid. 

7 - Air exhaust. 

Figure 533. Marine single-effect evaporator. 





p.2. 
MULTIPLE-EFFECT 
DISTILLATION 


Recovering as much as possible of the 
latent heat of vaporization and the use of 
teduced pressure distillation, have signif- 
icantly improved specific consumption in 
multiple-effect devices (Figure 534). 


The heat produced by steam condensa- 
tion in one evaporator is used to feed the 
heating tube bundle in another evap- 


100°C by means of a heating fluid readily 
available on ships: the cooling water for 
diesel generators and exhaust gas. The 
steam was condensed on a sea water-cooled 
exchanger. This type of evaporator typ- 
ically featured high energy consumption — 
up to 250 times the theoretical energy 
required to vaporize one litre of sea water. 





orator, and then the heat from the con- 
densation in the second evaporator is used 
to feed a third one, and so on. 


This type of system has specific con- 
sumption of about 100 kcal.kg™' of water 
produced. The heat loss from one effect to 
the next is between 7 and 10°C. The 
number of stages is usually limited to ten 
of so. 


The use of falling film evaporators 
(also called long-tube vertical, or “LTV” 
evaporators) further reduces the specific 
consumption to about 40 kcal.kg™' by 
improving the heat transfer coefficient. 
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1 - Sea water inlet. 2 - Sea water to be distilled. 3 - Sea water reject. 4 - Brine reject. 5 - Distilled water. 


6 - Heating fluid. 7 - Air exhaust. 
Figure 534. Multiple-ettect distillation. 


Os 
MULTI-STAGE FLASH 
DISTILLATION 


In these “multi-stage flash evaporators” 
(Figure 535), a circulating pump injects 
the flow into the condenser tube bundle. 
The fluid heats up as it flows from cham- 





ber to chamber, and then goes through a 
steam-fed heater that increases its temper- 
ature from 90 to 112°C, depending on the 
model. The sea water then flows down- 
ward from chamber to chamber while 
being subjected to a series of pressure 
release operations, each resulting in vapor: 
ization and producing a condensate that is 
pumped out of the chambers. 





1 — Sea water inlet. 2 — Sea water to be distilled. 3 - Sea water reject. 4 - Brine reject. 5 - Distilled 
water. 6 — Heating fluid. 7 - Condensers. 8 - Circulating pump. 9 - Desuperheater. 10 - Heaters. 
11 — Condensates. T - Temperature. Py - Vaporization pressure. 


Figure 535. Multi-stage flash distillation. 





The primary advantage of this tech- 
mique is that it eliminates exchange sur- 
faces at the vaporization point, thereby 
limiting the heat loss from one cham- 


7, Sea water evaporators 





ber to another to 2°C, and permitting 
specific consumptions on the order of 
40 kcal.kg™. 





7A. 

STEAM 
COMPRESSION 
DISTILLATION 


In this process, a heat pump transfers 
calories from the cold fluid to the hot 
fluid using mechanical energy produced in 
a high efficiency thermal machine (Figure 
536). 


In practice, a compressor or an ejector 


takes in the steam produced in the evap- 
orator and discharges it at a higher pres- 
sure into a tube bundle immersed in the 
brine to be heated. The steam then con- 
denses, giving off the heat energy corre- 
sponding to the latent heat of vapor- 
ization. 


With this system, very low specific 
consumption, on the order of 30 kcal.kg™, 
can be achieved. 


The number of effects varies from two 
to four. The maximum temperature is 


ip Ge 





1 - Sea water inlet. 

2 - Sea water to be distilled. 
3 - Exchanger. 

4 - Brine discharge. 

5 - Distilled water. 


Figure 536. Mechanical steam compression. 


6 - Auxiliary steam. 
7 - Compressor. 

8 - Desuperheater. 
9 - Outlet. 

10 - Recycle. 
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OXIDATION - DISINFECTION 


1. OXIDATION USING AIR 


Air oxidation techniques use the oxygen 
present in the air and work according to the 
laws of gas and liquid phase mass transfer. 
It should be remembered that the ox- 
ygenation of water by aeration can produce 
substantial - and undesirable - increases in 
scale-forming and aggressive properties; 
CO) stripping tends to increase the liability 
to scale formation and may even bring 
about precipitation of calcium carbonate. 

Air oxidation processes can be cate- 
gorized according to the method used for 
bringing the liquid and the gas into contact: 
- water trickling; 

— water spray; 
— air injection. 

Different aeration methods produce 
widely differing losses of head and thus have 
a determining influence on the overall hy- 
draulic gradient of the treatment plant. 
Bubbling techniques will produce pressure 
drops of a few centimetres, while spraying 
techniques may reduce pressure by a bar or 
more. 





Figure 537. Chateau-Landon plant near Paris, 
France. Flow rate: 50 m’.h"'. Biological denitrifica- 
tion. Cascade aeration following Nitrazur D. 


873 


874 


Chap. 17: Oxidation — Disinfection 


el 


AERATION 
BY WATER TRICKLING 


Water trickling methods require the 
water to fall through a distance of 1 to 3 
metres. 


1.1.1. Cascade 


Cascade aerators (see Figure 537) may 
be used when a sufficient drop is available 
at the plant (1 to 2 m) and when efficiency 
considerations are not predominant. 


Lee 


AERATION 
BY WATER SPRAY 


Water is sprayed through nozzles 
mounted on one or more manifolds, the 
idea being to maximize the surface area of 
water coming into contact with the air. 











1 - Water under treatment. 
2 - Spray nozzles. 

3 - Manifold. 

4 - Ventilation grid. 

5 - Aerated water. 


Figure 538 - Spray-type tower. 


1.1.2. Trickling over trays 


Multiple-tray aerators may be of the 
forced or natural draught type and may be 
combined with spraying. This technique 
will only handle low capacities and is not 
often used in water treatment today. 


1.1.3. Trickling over contact media 


This technique, mainly used in the 
treatment of municipal wastewater, may 
be applied either over a conventional trick- 
ling filter (see Page 308) or over a dry filter 
of the Biodrof type (see Page 737). 


The spray pressure required will depend 
on the type and number of nozzles used 
(see Figures 538 and 539). 

Moderately effective spray aerators are 
mainly used for deaeration (removal of 
CO2, H2S, etc.) or for removing iron and 
manganese salts. If the capacity is to be 
kept within acceptable limits, this tech- 
nique will only admit slight variations in 
flow rate. 





CEST AanmiNG oN 


Figure 539 - Spray nozzles, 





leer 
DIFFUSED 
AERATION 


Gas diffusion consists in dispersing a 
pressurized gas into a mass of liquid 
(which will usually have a high propor- 
tion of suspended solids). 

Air injection may be applied directly in 
a pressurized pipe, via a baffle mixer or 
primary negative pressure element (see 
Figure 540). 


Gas diffusers are often categorized 
according to the size of bubble they pro- 
duce: 

- coarse-bubble devices: gas is injected 
directly through vertical pipes or via large- 
orifice diffusers, such as the Dipair, 
designed for high-head basins; 

— medium-bubble devices: Vibrair; 





Figure 540 - Injection of pressurized air via a baf- 


fle mixer. 


1. Oxidation using air 





— small-bubble devices: porous diffusers 
(DP230), membrane diffusers (Flexazur). 


Coarse-bubble and medium-bubble 
devices are almost exclusively used for 
aerating wastewater. Small-bubble devices 
may also be used for injecting other gases, 
such as ozone, COn, etc. 


Gas diffusers are discussed in detail in 
Chapter 11 (Page 705). Ozone diffusion 
is also dealt with on Page 888. 


Water can also be aerated by bubbling 
large amounts of air through a small head 
of water (0.8 to 1 m for municipal waste- 
water treatment; 0.25 to 0.30m_ for 
drinking water treatment). Air is injected 
though a diffusion grid at flow rates 
which may be from 30 to 60 times great- 
er than the flow rate of water treated. The 
small head of water means that this sys- 
tem will be highly sensitive to variations 
in the water level and pressure drops in 
the distribution system. For this 





1 - Air inlet. 2 - Diffusion grid. 3 - CO? outlet. 


4 - Water inlet. 5 - Distributor. 6 - Baffle. 
7 - Scum remover. 8 - Treated water outlet. 
9 - Trap. 

Figure 541 - Bubbling aerator with small head of 
wacer (drinking water treatment). 
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1 - Water to be aerated. 2 - Air blower. 3 - Injection of pressurized air. 4 - Contact media. 5 - Aer- 


ated water outlet. 


Figure 542 - Bubbling aerator with large head of water and contact media. 


reason it is not suitable for use in large 
treatment plants. Bubbling is mainly used 
in CQ? removal and will often produce 
water which is liable to scaling. 


Contact media aerators provide improved 
gas and liquid phase mass transfer. 


























Figure 543 -~ Pressurized unit for iron removal. 





1.3.2.1. Non-pressurized aerators 


Pressurized air is injected at the bottom 
of the aeration tank in the same direction 
as the water to be treated, and the aerated 
water is taken off from the top of the 
tank. Treatment is improved by the pres- 
ence of a contact media which sub- 


Raw water inlet. 

Offset baffle type mixer. 
Oxidation column. 

Air vent. 

Air discharge valve. 
Drain valve. 

Sand filter. 

Scour air. 

Floor with nozzles. 
Iron-free water outlet. 
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stantially increases the surface area of the 
liquid in contact with the gas (see Figure 
542). This type of aeration is generally 
used for water having a low proportion of 
SS. 

Saturation rates of 65% to 75% can be 
obtained provided that high air flow rates 
are applied (50 to 100 m’.h” per m’ for 
water flows of 10 to 30 m’.h” per m’). 

This system is recommended in those 
cases when it is required both to remove 
aggressive carbon dioxide and to oxidize 
out ferrous iron from drilling water. It is 
also suitable for treatments involving 
nitrification or deaeration of over-sat- 
urated water. 

Bubbling methods are used whenever 
it is required to bring a gas into contact 
with the water. Possible applications 
include the injection of carbon dioxide for 
recarbonating lime-treated water and the 
injection of ozone for oxidizing and disin- 
fecting water. The technique is also used 
for treating municipal wastewater (see 
Biofor, Page 733). 

When combined filtration/oxygenation 
action is required, countercurrent circula- 
tion can be used, as in the Nitrazur N 
apparatus (see Page 740). 


1.3.2.2. Pressurized aerators 


Pressurized aerators are often used for 
removing iron salts from deep-source 
waters. The oxidation column in these de- 
vices is closed and has a bed of volcanic 
rock supported on a floor. The water to be 
treated is pressurized and mixed with 
pressurized air in a mixer. The pressurized 


water/air mixture is sent through the 
packing bed, any excess air is let out into 
the atmosphere through the relief valve, 
and the treated water is taken off from 
the upper part of the column (see Figure 


543). 


1.3.3. Mechanical aerators and mix- 
ers 


This category of apparatus includes the 
following: 
— surface aerators; 
— mixers with high head of water and 
injection of pressurized air. 


Like pressurized gas diffusers, mechani- 
cal aerators and mixers are mainly used in 
the treatment of waste water. They are 
discussed in greater depth in Chapter 11. 





Figure 544 - Langoiran facility in western France. 
Capacity: 50 m’.h"'.Oxidation column and filter 
for removing iron salts from drinking water. 
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2. OXIDATION AND DISINFECTION 


USING CHLORINE 





ale 
SOURCES OF CHLORINE 


Chlorine is usually applied as the gase- 
ous element itself or in the form of 
sodium or calcium hypochlorite. 


e Chlorine gas 

Chlorine is stored and supplied in lig- 
uid form in pressurized containers (see 
Page 1078). 
e Sodium hypochlorite 

Sodium hypochlorite solutions are graded 
according to their active chlorine content, 
expressed in chlorometric degrees as follows: 

1 chlorometric degree = 3.17 g of 
Cl per litre of solution. 

Commercially available solutions of 
sodium hypochlorite have concentrations 


of 47° to 50°, equivalent to about 
150 gl" of active chlorine. Other solu- 
tions (bleach or javel water) have concen- 
trations of around 15°. In any case, 
sodium hypochlorite solution decreases in 
strength over time and it is important to 
check the concentration frequently. Dilu- 
tion with hard water can produce scaling 
phenomena. 

Sodium hypochlorite solutions can be 
produced in situ by electrolysing brine or 
sea water. 

e Calcium hypochlorite 

Calcium hypochlorite is generally used 
in solid powder form, in concentrations 
reaching 92 to 94% of Ca(ClO)2, equiv- 
alent to about 650-700 g.kg™' of active 
chlorine. 





VPs. 
FIELD OF APPLICATION 


The storage of liquid chlorine is gov- 
erned by safety regulations; depending on 
the quantity involved, special declarations 
must be submitted or special approval 
obtained. Such regulations may vary from 
country to country. 


Lso. 
TREATMENT 


Chlorine and its derivatives are used in 
the treatment of drinking and bathing 


Sodium hypochlorite is often used in 
situations where safety considerations pre- 
clude the use of chlorine gas. 


Calcium hypochlorite has a very high 
active chlorine content and is above all 
used in countries where transport costs 
would make regular supplies of chlorine 
gas or sodium hypochlorite solution diffi- 
cult. 





water, in cooling systems, and in the 
tertiary treatment of municipal waste- 
water. 


The required contact time varies with 
the type of treatment in question. Disin- 


3. Oxidation and disinfection using chlorine dioxide 


fection will require a full two hours, while 
chemical oxidation may require a few 
minutes only. In all cases, it is important 
that the chlorinated solution be rapidly 
and thoroughly mixed with the water to 
be treated. 

Another important factor is that the 
mixing tanks be arranged in such a way 
as to ensure that none of the water can 
escape contact with the chlorine for the 
specified contact time. This applies par- 
ticularly to the disinfection of municipal 
wastewater. Here, tanks should be fitted 
with baffles to produce channels whose 
effective overall length is about 70 
times the breadth, thus producing a 


plug-flow action which is favourable to 
disinfection. 

In the distribution of drinking water, 
we are faced with the complex problem of 
maintaining residual chlorine concentra- 
tions throughout the distribution system. 
The problem is usually solved by a series 
of intermediary on-line or off-line applica- 
tions. In any case, it should be remem- 
bered that the bacteriological quality of 
the water in the distribution system is 
determined both by the quality of water 
at the input (which should be treated as 
thoroughly as possible), and also by the 
quality and maintenance of the system 
itself. 


3. OXIDATION AND DISINFECTION 
USING CHLORINE DIOXIDE 





Properties 
Chlorine dioxide is a pungent yellow 
gas which is explosive at atmospheric 


ale 
PREPARATION 


Chlorine dioxide is always produced in 
situ as the result of the reaction of a chlo- 
rine solution or hydrochloric acid on 
sodium chlorite. The choice of whether 
chlorine in solution or hydrochloric acid 1s 
used will above all depend on whether the 
site in question is able to store chlorine gas. 
Both processes require special preparation 
and safety measures (see Page 1091). 

When used for disinfection purposes, it 
is often required to use high doses of chlo- 
rine dioxide in order to resist reduction by 





concentrations of above 10% by vol- 
ume. 





organic matter and endure, in trace con- 
centrations, right to the end of the distri- 
bution system. Under these circumstances, 
the treated water may acquire an unpleas- 
ant taste owing to the presence of the 
ClO; ion. This is in fact toxic, and for this 
reason many countries regulate the concen- 
tration of ClO2 used for disinfection pur- 
poses (to 0.5 or 1 mg.I"', for example). 


It has been known for ClO2 to be used 
in the pre-oxidation stage of water treat- 
ment, but here it is necessary to make sure 
that the ClO produced by oxidation- 
reduction of organic matter is efficiently 
removed in the downline stages. 
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ee 
FIELD OF APPLICATION 


Chlorine dioxide is a very strong ox- 
idizing agent with powerful bleaching and 
deodorizing properties. As a disinfectant, 
its effect on microorganisms is more rapid 
and longer-lasting than that of chlorine. 
Chlorine dioxide is preferred to chlorine 
whenever the water to be treated contains 


ahek 
TREATMENT 


Treatment with chlorine dioxide 
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traces of phenols, which could combine 
with chlorine to produce chlorophenols, 
thus giving the water an unpleasant taste. 
Chlorine dioxide rapidly oxidizes any iron 
salts, which are precipitated in the form of 
insoluble ferric hydroxide. Similarly, when 
applied in heavier doses matched to the 
pH of the water, chlorine dioxide will ox- 
idize out manganese salts in the form of 
manganese dioxide. 


requires the same precautions as with chlo- 
rine, i.e., thorough mixing should be 
applied and any “short circuits” elim- 
inated. 


4. OXIDATION AND DISINFECTION USING OZONE 


Al. 

PHYSICAL 

AND THERMODYNAMIC 
PROPERTIES 


Ozone is an allotropic form of oxygen 
having a chemical formula of O3. 

In high densities, ozone has a character- 
istic blue colour. 





4.2. 
OZONE AND PLASMAS 


Ozone is an unstable gas obtained by 
electrically exciting oxygen. This is done by 





Molecular weight 48 g 
Boiling point 


at normal atmospheric pressure (-111.9 + 0,3)°C 
Cl2.de OLS 
55.30 X 10° Pa 


Critical temperature 
Critical pressure 


Enthalpy of molecule formation 
at -298 K (1.013 X 10? Pa) 


Relative density 
with respect to air 


(34220 + 240) cal 





1.657 
Absolute density under normal 


conditions (0°C, 1.013 X 10 Pa) 2.143 kg.Nm®? 


applying a high voltage to generate an elec- 
trical field, under the influence of which 
the oxygen undergoes partial dissociation 
into radicals. 

The electrical field increases the kinetic 
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energy of free or dislodged electrons and 
causes them to enter into successive colli- 
sions, thus exciting the oxygen and pro- 
ducing dissociation. 


Provided that sufficient excitation is 
applied, ozone molecules will form as the 
result of successive transitions. 


In physical terms, the ozone-producing 
environment, or plasma, is characterized 
by the electron temperature, Te, and the 
electron concentration, Ne. Ozone-pro- 
ducing plasmas are generally induced by 
electrical corona discharge and contain 
electrons having an average energy be- 
tween 1 and 14 eV, with an electron con- 
centration of between 10° and 10” elec- 
trons per cm’. Such plasmas are also 
termed cold plasmas, with the ratio be- 
tween electron temperature, Te, and mol- 
ecule temperature, Tg, lying between 20 
and 300. 


The particles’ lack of thermal equilib- 
rium gives fise to an environment in 
which electrons possess a great deal of 
energy, which means that a number of 
transient forms are liable to occur: ions, 
atoms, free radicals, or energized mole- 
cules. Chemically speaking, these tran- 
sient forms are highly reactive, which 
means there is an increased tendency to 
form new stable products which would 
be difficult or even impossible to produce 
using other types of excitation. Because 
of their special properties, plasma states 
have been described as constituting a 
fourth state of matter. 


An exhaustive parameter-by-parameter 
study of cold plasma characteristics would 
be physically impossible, though a model 
has been developed to give an overall ac- 
count of the phenomena involved. This 


model, which is schematically represented 
in Figure 545, makes use of the variables 
below: 


Stage A 


electronic excitation 


(ko) 


Stage B 
non-electronic excitation 


(ki) 





Figure 545. Oxygen excitation in cold plasma. 


Vo = voltage across gas (discharge-main- 
taining potential). 

E = electrical field produced by Vo. 
N= molar concentration of reactant, de- 
pendent on the pressure, p, and the tem- 
perature, T. 

P = applied electrical power. 

discharge gap. 

Q = molar flow rate of reactant (air or 
oxygen). 

C = product concentration (ozone). 

ko = apparent rate constant for ozone 
formation (forward reaction), dependent 
on reduced field, hence electron energy. 
ki = apparent rate constant for ozone 
destruction (reverse reaction), dependent 
on plasma temperature. 


The cold plasma reactor for ozone pro- 

duction constitutes a physical system gov- 
erned by two major factors: 
— The steady-state characteristic is the 
reduced field (E/N) or Townsend 
parameter, which expresses the average 
energy of electrons in the plasma: 


E/N = Vo/Na (1) 


881 


882 


Chap. 17: Oxidation — Disinfection 


— The dynamic characteristic is the en- 
ergy available per molecule of reactant 
(gas entering the reactor), or the Becker 
constant (B): 

B = P/QN (2) 

Experimental data have proved the val- 
idity of the model and enabled conclu- 
sions to be reached on the type of reactor 
to be used and the nature of reactions to 
be implemented. 

Thus, for an air-fed reactor, the out- 
going ozone concentration produced by an 
ideal reactor with completely mixed 
flow is given as follows: 


Cs kof 3 
1 + (ko + ki) B (3) 


For an oxygen-fed reactor, the outgoing 
ozone concentration produced by an ideal 
reactor with plug flow is given as follows: 


oF ko -(ko + ki) B 
© Hipage ] (4) 


4.3. 

BASIC PRINCIPLES 
OF OZONE 
PRODUCTION 


On an industrial scale, ozone is pro- 
duced by passing air or oxygen (or a mix- 
ture of both) between two electrodes (2) 
and (3) bearing an AC potential (see Fig- 
ure 546). To ensure an even discharge 
and avoid arcing, one of the electrodes (2) 
(or possibly both) is covered by a die- 
lectric of even thickness forming an equi- 
potential layer. The potential difference 
applied between the electrodes will de- 
pend on the nature and thickness of the 


The apparent rate constant, ko, for the 
forward reaction depends on the reduced 
electric field and includes allowance for 
the electronic effect. The apparent rate 
constant, ki, for the reverse reaction 1s 
independent of the reduced electric field; 
this constant has been shown to obey the 
Arrhenius equation: 


—E.3 
k = kioe @Te (5) 


where Eo; is the ozone molecule exci- 
tation energy, Tg is the plasma temper- 
ature, and a is a constant. 


The above formulae show ozone pro- 
duction - and the concentration of ozone 
in the feed gas - to be dependent on two 
kinetic constants. 


dielectric used, on the width of the dis- 
charge gap (5), and on the operating 
pressure. It will usually be from 6,000 to 
18,000 V. 


For a given potential difference, 
the efficiency of the ozone generator will 
mainly depend on the geometrical 
shape of its component parts and on 
the temperature and pressure of the 
cold plasma. 


For a given type of reactor (ie, 
steady-state characteristic), ozone produc- 
tion will mainly depend on the power 
input and the flow rate of the feed gas. 
Equation (3) ot (4) above will yield the 
concentration of ozone produced and 
thereby the actual production. The effi- 
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1 - Air or oxygen inlet. 2-3 - Electrodes. 4 - Dielectric. 5 - Discharge gap. 6 - Ozonized air or 


oxygen. 7 - Cooling water. 


Figure 546 - Tube-type ozone-generator element. 





Figure 547 - Tip of ozone-generator element, 


showing electrical connection. 


ciency of the reactor can then be calcu- 
lated from data on the power input. 


Typically, ozone concentrations in the 
feed gas will be as follows: 
2 10 to 40 gNm” jin air, 
e 10 to 140 g Nm” in oxygen (see Figure 
548). 


Provided the incoming air/oxygen 1s 
thoroughly dried (dew point between 
-60°C and -80°C), modern ozone gener- 
ators are capable of producing between 68 
and 430 grammes of ozone per square 
metre of dielectric and per hour at the 
above concentrations. 





Specific energy 
consumption 


O, concentration 


20° 40°60 80 *~100) 120) g¢.Nm;* 

1 - With air. 2 - With oxygen. 

Figure 548. Specific energy consumption versus 
ozone concentration (ozone produced by optimized 
reactor with M.F. power supply). 
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Under normal conditions, the useful 
specific energy required for the production 
of one kilogramme of ozone is calculated 
as follows: 

- air: 13 to 18 kWh. kg” for a concentra- 
tion of 18 g.Nm” 

— oxygen: 6 kWh. kg” for a concentration 
of 70 g.Nm®? 


A very substantial proportion of this 
energy is given off as heat, which 
greatly increases the temperature of the 
plasma. 


Equation (5) clearly shows that the 
overall yield of the oxygen — ozone trans- 
formation is dependent on the temper- 
ature, any increase in temperature 1s 
bound to decrease the overall yield. For 
this reason, the heat must be constantly 
drawn off in an effort to keep the plasma 
at a constant temperature (see Figure 


4.4, 
FIELDS 
OF APPLICATION 


Applications of ozone include the fol- 
lowing: 
e Drinking water 
— improvement of organoleptic qualities 
(colour, taste threshold), 
— removal of bacteria and viruses, 
- oxidation of organic matter, 
— oxidation of micropollutants, 
- oxidation of metal salts in solution 
(iron and manganese), 
— improvement of biodegradability prior 
to treatment with granular activated car- 
bon, etc. 
e Bathing water 
— improvement of visual qualities, 


549). This means that the ozone gener- 
ator requires an efficient cooling system, 
generally provided by water circulation. 


Percentage of nominal ozone production 
% 


80 


60 





Figure 549, Ozone production against cooling 
water temperature. 


— anti-virus stage in regeneration circuit, 


- degradation of certain amine sub- 
stances, 


e Industrial waste 


all types of oxidation, 


detoxication, 


bleaching, 


| 


deodorization, 


possible improvement of biodegrad- 
ability prior to biological treatment. 


e Municipal wastewater 


— disinfection of treated waste, often 
combined with pure-oxygen-activated 
sludge treatment, 


- deodorization, particularly in sludge 
treatment. 
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4.5. 
DISSOLUTION OF OZONE 


4.5.1. General data on ozone trans- 


fer 


The dissolution of ozone is generally 
thought of as obeying Henry’s law. 

The quantity of ozone dissolved will 
depend on the temperature of the water 
and the pressure at which the gas is 
applied. 


It proves difficult to determine a coeffi- 
cient of solubility for ozone, as ozone 
decomposes readily in water. This decom- 
position is accelerated by the following 
two factors: 

— increase in temperature, 
— increase in pH owing to presence of the 
hydroxyl ion (see Figure 550). 
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Figure 550. Effect of pH on the decomposition of 
residual ozone in water (at a temperature of 15°C). 





As prepared on site, ozone is present in 
diluted form in the feed gas; in other 
words, the partial pressure of ozone in the 
mixture is low. The absorption coefficient 
of Henry’s law is usually applied to pure 
homogeneous gases; its application to our 
ozone/air or ozone/oxygen mixture would 
require complicated calculations and is of 
little practical interest to us here. 


A simpler description of ozone transfer 
behaviour makes use of a coefficient 
which is measurable experimentally. This 
coefficient, m, is known as the partition 
coefficient and expresses the ratio between 
the concentration of ozone in the feed gas 
(air or oxygen) and the resulting concen- 
tration of ozone dissolved in the water. 


=I 

ema t 
m.= = 

Gane mg.l 

In other words, once equilibrium has 
been reached the concentration of ozone 
in solution will be 1/m times the concen- 
tration of ozone in the feed gas. 


The variation in ozone saturation solu- 
bility versus temperature and feed gas 
concentration is shown in the Figure 244 
on Page 515. 


In a simplified system, considering 
ozone transfer at the gas-liquid interface 
only, the main factor governing ozone dis- 
solution is the partial pressure of ozone in 
the feed gas, hence in the mixture. This is 
given by the ozone concentration times 
the feed gas application pressure. 


Figure 551 shows the effect of applica- 
tion pressure on ozone solubility at an 
ambient temperature of 15°C. 


Unlike many other gas and _ liquid 
phase mass transfers, ozone can be dis- 
solved starting from very low concentra- 
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tions in the feed gas (10% maximum if 
the vehicle is pure oxygen). 

In practice, the actual concentrations 
achieved remain far behind the saturation 
concentration, C;. Typical concentrations 
are shown in Figure 552, from which it 
can be seen that the dissolved concentra- 


Dissolved 


H 
So 


So — ND 6 oh OR icy ~3 CO 


Ke Daz, 
Pressure (bar) 


Figure 551. Eftect of pressure and feed gas concen- 


tration on ozone solubility (at a temperature of 


iC), 


Concentration in water 
(g.m°*) 


Concentration in gas 
(g.m*) 


Figure 552. Equilibrium ozone concentrations 
obtained under real-life conditions (at atmospheric 
pressure). 


tion tends to stabilize out above a certain 
feed gas concentration. 


4.5.2. Theoretical considerations on 
ozone transfer 


The goal of ozonation treatment is to 
transfer ozone from a gaseous vehicle into 
a liquid-phase medium across a gas-liquid 
interface. 

Degrémont has carried out a series of 
studies aimed at identifying the param- 
eters which govern this transfer. 


Examining the stages involved in the 
absorption of ozone across the gas-liquid 
interface, the soluble gas (ozone) must 
first of all diffuse across the surface of the 
liquid, then dissolve into the liquid, then 
diffuse within the liquid. The transfer rate 
between gas and liquid phases will thus 
depend on the following: 

- the physical properties of the gas and 
liquid phases, 

- the difference in concentration across 
the interface, 

— the degree of turbulence. 


The transfer conditions across the inter- 
face are best described using the double- 
layer theory as discussed on Page 276, 
Chapter 3. A double-layer model is shown 


in Figure 553 below. 
Le 
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Figure 553. Double-layer model for ozone transfer. 
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The transfer equation is as follows: 
Quantity crans- ¢ Exch; 
[Seme ] [ee] ME] [eteg 
cae = iaent | xX re X__| potential 
Here, the exchange potential depends 
not only on the difference between gas 
and liquid concentrations but also on the 
direct chemical reactivity of the ozone on 
the pollutants in the water. 


4.5.3. Absorption with chemical re- 


actions 
Ozone will react with the various 
organic substances present in the water 
(organic compounds, viruses, bacteria, 
etc.), and it can be useful to know 
whether or not these reactions will tend to 
increase the transfer of ozone. For this 
purpose we might wish to determine an 
acceleration factor expressing the ratio be- 
tween the amount of ozone transferred 
under the influence of the chemical reac- 
tion and the amount of ozone transferred 
without this reaction taking place. Reac- 
tions can be categorized by speed as fol- 
lows: 
e Very slow reactions 
Very little ozone is consumed and the 
liquid remains virtually saturated with 
the gas which has not reacted. The speed 
of the reaction in the liquid is independ- 
ent of the amount of ozone transferred 
and no chemical reaction takes place in 
the film layer. 


e Slow reactions 

A small amount of ozone is transferred 
from the gas phase to the liquid phase. 
Transfer is again limited by the rate of the 
reaction taking place in the liquid phase. 


e Fast reactions 

All the ozone reacts in the liquid film 
layer and the ozone concentration in. the 
liquid itself is negligible. The chemical re- 
action controls the transfer (as in the case 





of ozone/iodine reactions, for example). 
This is the type of reaction that takes 
place when ozone acts on iron and man- 
ganese salts. The acceleration factor will 
depend not only on the kinetics of the re- 
action in the liquid phase but also on the 
pcteamanls of the ozone/water inter- 
ace. 


The following conclusions can be 
reached by considering the concentrations 
of organic matter present in surface and 
wastewaters and the relatively low rates of 
the reactions involved: 

- In surface waters, reactions generally 
take place within the liquid rather than at 
the interface. 

— In deep-lying waters, reactions involv- 
ing iron and manganese salts will often 
take place at the interface. 

— In wastewater, we may find both types 
of reaction. 


4.5.4, Choosing the contact reactors 


If fast reactions predominate, the rate 
of ozone transfer will be the limiting fac- 
tor and a high transfer coefficient will be 
called for. Suitable reactors in this case are 
packed columns or U-tubes. 


If slow reactions predominate, the reac- 
tion itself will be the limiting factor. In 
this case, bubble diffusion reactors may 
be used, with or without mechanical agi- 
tation. 


In all cases, ozone dissolution efficiency 
is high (70 to 98%) and well above that 
of the oxygen or air in the feed gas. 


Bubble diffusion 


The general transfer equation shows 
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that the following factors will increase the 
amount of ozone absorbed: 
— The difference in concentration be- 
tween gas and liquid phases. This means 
that the absorption rate will be highest at 
the time of bubble formation. 
— The duration that the bubbles remain 
in contact with the liquid (i.e., the deeper 
the water the greater the absorption). 
— The ratio between bubble surface area 
and water volume. 

As a rule of thumb, the total surface 
area, St, developed by one NI of gas in 
bubbles of diameter d will be as follows: 


0.006 
d (in m) 

To produce very fine bubbles, high en- 
ergy levels are required (see the case of flo- 
tation with pressurized air). For ozone 
treatment, experience has shown the opti- 
mum bubble diameter to be around 
3 mm, which gives a rising velocity of 20 
to 30 cm.s”. 


4.5.5, Reactors 


The number of series reactor stages will 
depend on the oxidation kinetics of the 
pollutants to be removed. 


St (in m?) = 





ty =4min 





t=4+ t, + t, (min) 





For very slow or slow reactions, residual 
ozone will appear well before the reaction 
has terminated and additional stages may 
be required to maintain this residual level 
throughout the reaction. For fast reac- 
tions, one reactor stage will generally be 
enough. 


4.5.5.1. Porous diffuser reactors 


In a porous diffuser reactor (see Figure 
554), the water to be treated is made to 
flow through one or more chambers, the 
bases of which consist of porous diffusers 
giving off very fine bubbles of ozonized 
gas. For optimum gas-liquid contact, the 
water is usually fed in from the top of the 
chamber to ensure countercurrent mixing. 

Ozone may be injected into any or all 
of the chambers. In all cases, counter- 
current mixing is preferable. 

The porous diffusers are of the DP 230 
disc type (see Page 705). 

In this type of reactor, the depth of 
water above the porous diffuser should be 
from 5 to 7 m. 

In pre-ozonation stages, some of the 
pollutants in the water (detergent, algae, 


1 - Water inlet. 

2 - Water outlet. 

3 - Outlet for ozonized gas 
(to atmosphere or ozone 
destruction stage). 

4 - Injection of ozonized gas. 

A-B - Contact chambers. 


Figure 554. Two-chamber reactor for disinfection of drinking water. 
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etc.) may rise to the surface as scum, 
which should be taken off separately. 


4.5.5.2. Turbine reactors 


There are two types of turbine reactor. 
In the first type, the water to be treated is 
fed into the suction area of a turbine, 
which sends the water down through the 
stream of ozonized gas being injected up- 
wards. This produces a fine emulsion of 
gas and water, which diffuses throughout 
the upstream section of the chamber to be 
_ again projected downwards by the tur- 
bine. All the water to be treated is sent 
several times through the turbine to 
ensure good mixing (see Figure 555). The 
turbine blades must be carefully designed 
to split the gas bubbles and ensure effi- 
cient diffusion of the gas mixture 
throughout the liquid. 

The second type of reactor uses a tur- 
bine with submerged motor located at the 
bottom of the chamber. The specially- 
designed turbine sucks through the ozon- 





1 - Water inlet. 
2 - Ozonized gas inlet. 
3 - Treated water outlet. 


Figure 555. Turbine reactor column. 


ized gas together with a certain amount of 
water, to produce an emulsion of fine 
bubbles. To ensure efficient gas diffusion, 
this type of turbine is custom-built to 
match the depth of immersion, the gas 
flow rate and the water recirculation rate 
at the plant in question. This type of tur- 
bine will provide excellent performance 
provided it is operated at its nominal rate. 
Under such conditions, it is capable of 
treating quite heavily polluted water, 
which makes it suitable for preozonation 
work. The turbine’s speed of rotation 
must be matched to the flow rate of ozon- 
ized air/oxygen to be injected. The num- 
ber and layout of turbines will depend on 
the hydraulic characteristics of the treat- 
ment tank. 


4.5.5.3. U-tube reactors 


Chemical engineering considerations 
dictate that the most efficient ozone/ 
water transfer will take place under high 
pressure using a large exchange surface. 
These are the precepts on which the plug- 
flow U-tube reactor is based. 


U-tube reactors are usually constructed 
using two concentric tubes (see Figure 
556). The water to be treated is fed in 
downwards through the inner tube (1), 
receiving on the way an injection of ozon- 
ized gas, dispersed either by a series of 
injector pipes or a fine-bubble diffuser 
system (3). The resulting emulsion is tak- 
en downward through the inner tube, the 
pressure increasing steadily with the 
depth. When it reaches the bottom of the 
U-tube (4), the gas-liquid emulsion is 
well-mixed and the bubble size very 
small, giving a very large exchange surface 
area. After leaving the inner tube, the 
emulsion rises through the outer tube (2) 
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to the surface (5), the bubble size increas- 
ing along the way. 


The characteristic parameters govern- 
ing the sizing of a two-phase U-tube sys- 
tem of this sort are as follows: 

— the downward velocity in the inner 
tube, 

— the ratio between gas flow and liquid 
flow, G/L (expressed as a percentage), 

— the total two-phase pressure drop of the 


system. 





1 - Inner tube (downward flow). 
2 - Outer tube (upward flow). 
3 - Injection of ozonized gas. 
4 - Turning point. 

5 - Collection surface. 

6 - Inlet for water to be treated. 
7 - Treated water outlet. 


Figure 556 - U-tube reactor. 


Typically, the downflow through the 
inner tube will take place at a velocity of 
1.6 to 1.8 ms” and the maximum G/L 
ratio will be around 17%. 

The U-tube reactor is ideal for pre- 
ozonation work (no risk of deposits form- 
ing) and for use with high concentrations 
of ozone in the feed gas. 

To ensure correct two-phase operation 
under variable-flow conditions and over- 
come pressure-drop problems, the system 
should be fitted with a pump. 


4.5.5.4. Special reactors 


Certain applications, in water treat- 
ment or other areas, may require special 
reactors, designed to match the kinetics of 
the chemical reactions which are sought 
and the nature of the products to be 
treated. Among such special reactors we 
could mention pressurized gas-liquid reac- 
tors, gas-solid reactors and three-phase re- 
actors. 


4. Oxidation and disinfection using ozone 





\v 





a) b) 


Figure 557. Le Pecq facility for LE-Dumez near Paris, France. Capacity: 1,500 m’.h'. Ozonation of nitri- 
fied water prior to GAC filtration. U-tube: a - well head; b - injection head. 
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5. OZONE GENERATORS 


ole 
DIFFERENT TYPES 
OF OZONE GENERATORS 


The first ozone generators were of the 
plate type (Otto, 1906). These have now 
virtually fallen into disuse, for the follow- 
ing reasons: 

— low yield per unit of electrode surface 
area, 
— low operating pressure, 


- cooling difficulties, 
— unreliable construction (sealing). 
-Today, ozone generators are exclusively 
tubular in form. Open-tube generators 
(Figure 558), in which the discharge gap 
is divided into two stages (2) separated by 
a dielectric (1), are difficult to cool and do 
not give increased yield. The best per- 
formance is obtained from closed-tube 
generators, with a single discharge gap 
between the high voltage dielectric and 
the metal earth electrode. 





1 - Dielectric. 2 - Discharge gap. 3 - Air/oxygen inlet. 4 - Outlet (ozonized air/oxygen). 5 - HV elec- 
trode. 6 - Earth electrode. 


Figure 558. Open tube for ozone production. 


Oe 
CLOSED-TUBE 
OZONE GENERATORS 


A closed-tube ozone generator element 
(Figure 559) consists of two concentric 
electrodes (2,3) separated by a dielectric 
tube (4). This is the most frequently 
found type of ozone generator. In the hor- 


izontal tube-type ozone generators made 
by Degrémont, each element consists of a 
stainless steel outer tube (3) enclosing an 
inner dielectric tube (4) which is closed at 
one end. The outer stainless steel tube is 
water cooled and acts as the earth elec- 
trode. The H.V. electrode is formed by 
the inner face of the dielectric tube itself, 
which is coated with pure aluminium (2) 
applied by plasma torch. This electrode 





is connected to the H.V. output of a 
step-up voltage transformer. 


Ozone is produced in the discharge 
gap between the inner and outer tubes 
(5). The inner dielectric tube is centred 
within the outer tube by means of 
stainless steel spacers (6) which keep 
the two tubes coaxial and ensure a con- 
stant discharge gap. The dielectric tube 
is free from any mechanical stress 
which might arise out of variations in 
_ temperature. 


Each dielectric tube receives H.V. via 
a specially-shaped tip (9). This device 
has a dual function: it provides the junc- 
tion between the H.V. power supply and 
the internal aluminium coating, and it 
ensures an even electrical field at the end 
of the tube, thus preventing flux lines 
from concentrating where the metal- 
lization ends and reducing the risk of 
spurious discharge at the level of the 
flux line concentration (point effect). 
Spurious discharge at the tube end con- 
sumes energy without contributing to 
the production of ozone. The special 
tube tip gives energy savings of around 
16%. 


Air/oxygen inlet. 

HV. electrode. 

Earth electrode. 

Dielectric. 

Discharge gap. 

Spacers. 

Cooling water. 

Ozonized air/oxygen outlet. 
Power supply up. 


1 
Z, 
3 
4 
5 
6 
if 
8 
9 


Figure 559. Closed-tube ozone generator element. 
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1 - Outer casing of ozone generator. 2 - H.V. 
power supply strap. 3 - H.V. terminal. 4 - Bush- 
ing conductor. 5 - Fuse. 6 - Tube sheet. 
7 - Cooling water. 


Figure 560. Electrical power supply tor Degrémont 
ozone generator. 
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On small ozone generators, the special 
power supply tips on each element can 
be connected directly to the H.V. supply 
via a junction rod. On larger generators, 
the connection will be via individual 
H.V. fuses, capable of isolating a defec- 
tive tube while allowing the remaining 
rods to remain operative. To eliminate 
the risk of faulty contacts due to loose 
joints and corrosion, and thereby reduce 
overall system losses, all electrical connec- 
tions to junction rods and fuses are 
bolted down using stainless steel connec- 
tors onto strips perforated to gauge (see 
Figure 560). 

Ozone generators operate under pres- 
sure and must be completely air-tight. 
The critical seal in a tubular ozone gener- 
ator is at the junction between the stain- 
less steel tubes and the tube sheet. This 
junction must be very well designed to 
avoid high-pressure weak spots and chem- 
ical corrosion caused by chloride build-up. 


Stainless steels are prone to corrosion 
by chlorides. Any folds and dents in the 
joint will tend to trap cooling water, 
leading to chloride build-up, scaling and, 
eventually, puncturing of the seal. The 
weld between the stainless steel tubes 
and the tube sheet must therefore be of 
even thickness and free from folds and 
dents, and manufacturing operations 
must avoid work-hardening the metals 
used. Degrémont has developed an auto- 
matic filler-free welding system which 
meets these criteria. This, coupled with 
thorough preparation of the stainless 
steel prior to assembly (cleaning, 
degreasing, pickling, decontamination, 
passivation, and rinsing by total immer- 
sion in controlled treatment tanks), 
ensures the very highest standards of 
manufacture and passivation of the 
stainless steel providing unrivalled tech- 
nology. 

The body of the ozone generator con- 





Figure 561. Ozone generator (open) at the Belgrade city council plant at Makis, Yugoslavia. Production 


capacity: 3x 14.5 = 43.5 kg.h", 





5. Ozone generators 


sists of a number of generator elements tem which avoids hot-spots. The arrange- 
connected in parallel (see Figure 562). ment of the coolant distribution and col- 
Efficient cooling is required to keep the lection system is the result of thorough 
plasma at a constant temperature. Degré- = mathematical and physical modelling 
mont has developed a special cooling sys- work. 


Air or oxygen inlet. 
Ozonized air/oxygen inlet. 
Cooling water inlet. 
Cooling water outlet. 


ie i 
ideas: —. seed 1s) i 








Figure 563. Ozone treatment of surface water using MBF 280 ozone generators at the Myrtle Beach plant 
(United States). Production capacity: 3 x 14 = 42 kg.h". 
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no: 

ELECTRICAL POWER 
SUPPLY FOR OZONE 
GENERATORS 


The frequency of the ozone generator 
power supply will depend on the amount 
of ozone to be produced. For quantities 
below 7 kg per hour per generator, the 
mains frequency of 50 or 60 Hz is used. 
For greater quantities, it is more eco- 
nomical to use a static converter supply- 
ing an MF power supply at around 
600 Hz. 


5.3.1. Mains frequency supply 


5.3.1.1. Description 


With a mains-frequency supply, ozone 
production is regulated by varying the 
absorbed power. This is done by adjust- 
ing the voltage applied, either in discrete 
steps or continuously. 

Figure 564 a) shows voltage var- 
iation in discrete steps. Here, the con- 
trol switch (1) switches the mains voltage 
onto different windings on the transform- 
er primary (2) to produce different H.V. 
output voltages. Figure 564 b) shows 
continuous voltage variation using an 
autotransformer (1) to vary the voltage 
on the primary of the H.V. transformer, 
via the series transformer (2), 

The voltage at the terminals of the 
primary of the voltage step-up 
transformer remains continuously var- 
iable in the same way as the secondary 
voltage applied to the ozone generator. 





Figure 564 c) shows continuous voltage 
variation using the CAI (Continuously 
Adjustable Inductor) system developed 
by Degrémont. Here, the current feeding 
the ozone generator is controlled by means 
of a solid-state device which varies the im- 
pedance of the CAI (1). With a zero con- 
trol current, the absolute value of the cur- 
rent in the primary of the H.V. transformer 
will be limited to the magnetizing current 


which flows through the CAI (low). As the 


ozone 
generator 


ozone 
generator 


ozone 


control current generator 


c) Continuous variation with CAI system 


Figure 564. Ozone generators powered from 50 or 
60 Hz mains. 








Figure 565. Power absorbed by ozone generator 
against voltage. 


control current increases, the CAI saturates 
and the current in the primary increases. 
Upon full saturation of the CAI, the cur- 
rent in the primary circuit is only limited 
by the characteristic impedance of the cir- 
cuit including the ozone generator, at the 
primary winding of the high voltage trans- 
former (2). 


5.3.1.2. Design considerations 


The power absorbed by an ozone gener- 
ator is directly related to the voltage across 
the discharge gap. This in turn will depend 
on the product N.d, where N is the molec- 
ular concentration and d is the width of the 
gap. This product determines the steady- 
state characteristic of the reactor and 
thereby its performance. 

Figure 565 shows that the absorbed 
power reaches a peak when the voltage 
across the discharge gap, Vo, is about half 
the peak voltage applied to the ozone gen- 
erator. For a given ozone generator, this 


5. Ozone generators 





value might not correspond to peak pro- 
duction. 

Mains-powered (50 or 60 Hz) ozone 
generators should thus be designed with 
investment and specific consumption con- 
siderations in mind. 

Ozone generators have a leading power 
factor of about 0.5 (non-linear capacitive 
load). This means that inductive compen- 
sation 1s required to bring the leading 
power factor to the inverter up to between 
0.9 and 0.95, thus reducing the gener- 
ators power requirement, expressed in 


kVA. 


5.3.2, Medium-frequency (MF) sup- 
ply 


A number of manufacturers have 
had the idea of powering their ozone 
generators from a higher frequency 
source in order to increase the power of 
the generator and thereby the produc- 
tion volume. 

The design of Degrémont’s MF 
ozone generators is based not only on 
electrical engineering considerations but 
also on an understanding of the way 
ozone is generated in a cold plasma en- 
vironment (see Page 880). The basic 
parameters governing the design of 
such a generator are determined by 
modelling. 

The result is a range of generators 
with very favourable ozone production 
and energy consumption characteristics 
that incorporates the advantages of MF. 
The hourly production per tube of 
these MF generators is 3.4 times higher 
than that of a 50 Hz generator generat- 
ing the same concentration of ozone, 
while the energy consumption is 26% 
lower. 
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Degrémont has developed a static con- 
verter specially designed for powering its 
MF ozone generators. Degrémont began 
the initial development work on this con- 
verter themselves, before calling in out- 
side partners to handle full manufactur- 
ing runs. Examining Figure 566, the 
mains current is decoupled (2) before 
being taken on to a three-phase thyristor- 
controlled full-wave rectifier of the 
Graetz bridge type (1). The rectified cur- 
rent is then smoothed by an LC filter 
(3), with excess primary energy being 
dissipated through a primary shunt 
located just after the rectifier bridge (4). 
The inverter bridge as such (5) consists 
of GCS thyristors, return diodes plus an 
LC oscillator producing natural contin- 
uous oscillation. A further shunt is 
located just after the inverter stage (6). 
The single-phase 600 Hz output (7) 
from the oscillator is taken onto the pri- 
mary winding of a parallel-compensated 
step-up transformer (8), the secondary of 
which powers the ozone generator (9). A 
specially-designed computerized system 
provides continuous real-time monitoring 
of the frequency converter’s operating 
parameters. 

On detection of an anomaly in the fre- 
quency, voltage and current parameters, 
the current is automatically cut back and 
the individual fuses protecting the ozone 





Figure 566. Circuit diagram of frequency converter. 


generator elements melt rapidly. This 
protects the ozone generator from dam- 
age in the event of a short circuit occur- 
ring, keeping the short-circuit current 
well below that which would puncture 
one of the stainless steel generator tubes. 
Fuse melting is thoroughly controlled 
and the system affords maximum secu- 
rity. 

The frequency converters are con- 
structed as stand-alone units, with all 
controls, including the emergency stop 
switch, accessible from the front panel. 





Figure 567. MF power supply, showing LV cabinet, 
inverter bridge and HV cabinet, at Belgrade city 
council plant, Makis, Yugoslavia. 








An independent pulsed-air cooling system 
keeps the whole of the electrical control 
equipment at the specified operating tem- 
perature. Degrémont frequency converters 
are available with maximum power rat- 
ings going from tens of kilowatts to sev- 
eral megawatts. 

MF power supplies draw a perfectly 
even current from the three-phase mains, 
at an overall lagging power factor close to 
1 to the inverter. 

The frequency converter is designed to 

supply its full rated power at the mini- 


5.4. 

THE DEGREMONT 
RANGE OF OZONE 
GENERATORS 


Degrémont ozone generators are avail- 
able in a number of standard sizes. 


In short-model generators, each 
tube holds a single dielectric element, 
while in long-model generators, each 
tube holds two dielectric elements placed 
back-to-back (see Figure 562). In both 
cases, the H.V. supply comes in from 
one end through a special H.V. termi- 
nal. In long-model generators, the ele- 
ments located at the opposite end of the 
tube from the H.V. terminal are pow- 
ered via a shielded internal H.V. bush- 


ing. 
With a 50 Hz supply, ozone produc- 


5. Ozone generators 





mum rated input voltage. This means 
that mains supply fluctuations on the 
high side might cause slight variations in 
power factor owing to the increased 
switching rate of the thyristors in the rec- 
tifier bridge. 


For the same volume of ozone produc- 
tion, MF power supplies make it possible 
to use smaller generators, implement 
fewer tubes and occupy less ground space 
than with 50 or 60 Hz_ generators 
(reduced civil works). 


tion rates range from 0.017 kg.h” to 
20kg.h", at a concentration in air of 
18 Nm”. With a 600 Hz supply and 
air feed, ozone production rates _ Tange 
from 0.8 kg.h™ to about 70 kg.h', at a 
concentration in air of 18 gNm”. 


For 600 Hz generators fed with ox- 
ygen instead of air, ozone production 
rates range from 1.5 kg.h"' to 
120 kg. h at a concentration of 
70 g.Nm™. Special mention is made of 
the Degrémont range of self-contained 
units, holding from 14 to 170 di- 
electric tubes and producing 0.2 kg.h” 
to 3kg.h' of ozone when fed with 
air. 


These standard self-contained units 
exist in cabinet form (reference Ozonazur 
M) or chassis form (reference Ozonazur 
MB) and include the ozone generator 
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itself together with air-feed conditioner, power supply and automation and safety 
low-voltage electrical gear required for devices, as well as step-up transformer. 


900 





Figure 568. Self-contained Ozonazur MB units at ozone generating plant, Tours, in central France. Produc- 
‘ i - b =) : , 
tion capacity 3 kg.h” (ozone treatment of underground water prior to GAC filtration). 





Figure 569. Battery of oxygen-fed MBF 202 ozone generators at municipal wastewater disinfection plant in 
Henrico County in the United States. Production capacity; 4 x 25 = 100 kg.h, 





ay 
FEED GAS SUPPLY 


Ozone generators can be fed with air, 
oxygen or a mixture of both, in any pro- 
portion. 


The choice of feed gas will depend on 
the following: 
— the application in question, 
— the availability of pure oxygen, 
— the size of the plant. 


The use of oxygen brings about a sig- 
nificant reduction in equipment size and 
running costs, but despite these and other 
advantages, air is still predominantly used 
in small and medium-sized treatment 
plants (see Figure 570). 


Ozone production (g.h"') 


0 200 400 600 
Power (W) 
1 - Air-fed 50 Hz generator. 


2 - Air-fed optimized MF generator. 
3 - Oxygen-fed optimized MF generator. 


Figure 570. Constant-flow ozone production versus 
power for different types of generator and feed gas. 





5. Ozone generators — 


5.5.1, Air-fed generators 


Before being fed into the ozone gener- 
ator, air must be thoroughly conditioned 
and dried. This is important for a num- 
ber of reasons: 

- Dust becoming electrically charged 
can be responsible for arcing in the 
ozone generator, thus reducing produc- 
tion and wasting energy. The deposits 
formed by arcing create electrostatic dis- 
turbances which also tend to reduce pro- 
duction. 

- Water vapour can also cause arcing 
by reducing the dielectric strength of the 
gas in the discharge gap. Also, part of 
the electrical energy will be wasted in 
ionizing the water vapour, again re- 
ducing the ozone yield. 

- Finally, in the presence of water 
vapour, the nitrogen oxides produced by 
electrical discharge in the air will form 
nitrates, which are undesirable in drink- 
ing water and harmful to the ozone gen- 
erator. 


5.5.1.1. Compression 


The feed pressure in the air line will 
depend on the type of conditioning and 
drying being carried out. Here, we have 
three possible cases. 


e High-pressure drying with no heat 
applied. Here, the absolute pressure of 
the air line will be between 8 and 9 bar. 
The following types of machine may be 
used for compressing the air: 

— non-lubricated cylinder machines, 

— lubricated screw machines, 

— lubricated rotary piston machines. 


e High-pressure drying with heat 
applied (mixed driers). Again, the abso- 
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Figure 571. Low pressure air compression facility at Louveciennes plant near Paris, France. MF production 


capacity: 2 x 6.25 kg.h". 


lute pressure of the air line will be be- 
tween 8 and 9 bar and the above types of 


“machine may be used for compression. 


e Low-pressure drying with heat 
applied. Here, the absolute pressure of the 
air line will be between 2 and 2.2 bar. 
The following types of machine may be 
used for compressing the air: 

— dry screw machines, 


— lubricated screw machines, 
- improved Roots blower (for simple 
applications). 


5.5.1.2. Dryin 

High pressure drying usually involves a 
single stage and low pressure drying two. 
a) Single-stage heatless drying (Fig- 
ure 572) 

Compressed air, previously cooled in a 





3 - Filer. 


1 - Compressor. 


2 - Cooling stage. 


4 - Drier chamber. 


5 - Pressure reducer. 
6 - Ozone generator. 


Figure 572. High pressure heatless desiccation diagram. 





water-cooled heat exchanger, is sent into a 
drier containing an adsorbent substance 
such as activated alumina. The apparatus 
has two drying chambers; while one is 
being used to dry air, the other will be 
regenerated (see Figure 573). 


Regeneration of a heatless drier does 
not require the addition of calories from 
outside; adsorption is an exothermic phe- 
nomenon, and use is made of the calories 
available in the dry air and the pressure 
gradient between the two phases to carry 
out desorption of the water fixed in the 
column being regenerated. 


The amount of dry air consumed for 
regeneration is usually between 20 and 
25% of the total air taken into the drier. 
This amount will vary with the size of the 
drier and the feed pressure. 


Inversion 


Decompression 


Time 4'10": 
Compression 
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b) Single-stage “mixed” drying 


As with the heatless drier, the com- 
pressed air is cooled in a water-cooled 
heat exchanger before entering the drier 
proper containing activated alumina. 
Again, there are two drying chambers, 
one being regenerated while the other is 
being used for drying. 


The difference is that in a mixed drier, 
regeneration does require additional heat. 
This is provided by electrical heating ele- 
ments embedded in the alumina of each 
drying column, aided by a slight flow of 
dry air from the active drying column. 
Here, then, regeneration does not make 
demands on the freshly dried air but does 
require a greater input of electrical en- 


ergy. 


Time 5': 
Inversion 


Time 5'+e: 
Decompression ef] 


4@te 


Note : The full turnaround cycle is 10 minutes, 
wihich means that the adsorption time 
for one column is 5 minutes. 


mum ‘TY eated air (compressed) 
Sweeping air (decompressed) 
Active column (drying in progress) 
[aaa Column being regenerated 
Pressure gauge 


Heatless drier (dry air loss 20 to 25%) 


Figure 573. Heatless drier - Flow diagram. 
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Figure 574. Mont-Valérien facility for C.E.B. near Paris, France. Production capacity 2 x 6.5 = 13 kg.h”. 


MF ozone generation - HP heatless driers. 


c) Two-stage low-pressure drying (see 
Figure 575) 

Low-pressure drying is used in large- 
scale treatment plant. Air is first taken 
into a water-cooled primary exchanger- 
cooler, leaving at a temperature of 30 to 
40°C. It is then taken into the first drying 
stage -a chiller which condenses out a 
large part of the water vapour. It leaves 
the chiller at a temperature of 3 to 5°C 
and is close to saturation. 


The chiller may take the form of a con- 
ventional refrigerating set or a condenser 
supplied with near-freezing water by the 
ozone generator cooling system, if one is 
fitted. 

The air then passes through the second 
drying stage, a drier again filled with 
adsorbent material such as activated alu- 
mina. Again, this low pressure drier stage 
consists of two chambers (A and B) oper- 
ating alternately (see Figure 576). Regen- 





1 - Compressor. 


3 - Chiller. 


2 - Primary exchanger. 4 - Drier. 


Figure 575 - Two-stage low-pressure air drier. 


5 - Filtration. 
6 - Ozone generator. 


ves OPRORVORUCTICIACOLS 


eration of the inactive drying chamber is 
performed by supplying heat in the form 
of hot air. 


5.5.1.3. Filtration after drying 


Under the effect of heat and repeated 
cycles, alumina fines are formed. These 
must be removed by filtration at 0.5 um. 


180°C 


PE ane, eee Le 


5.5.2. Oxygen-fed generators 


In small and medium-sized plant, 
oxygen may be obtained from a liquid 
storage tank with evaporator, from an ox- 
ygen line, or from a self-contained oxygen 
production unit. The oxygen will not 
usually be recycled. 

In larger plant (production over 
50 kg.h"'), an elegant and cost-saving 


Regeneration 
sseenenaem rr iniet 


“seen anes 


Regeneration 
aap air oulet 


Exchanger 


Resistance heater 


saan Regeneration = 4 hours m—_ Drying = 8 hours 


Dry =a | 


Filter 


Air to be treated 


Temperature 
TT = transmitter 


m= Cooling = 4 hours 
(closed recirculating system) 


Water oulet 


Water intake 


Bales om Exchanger 


Resistance heater 





Figure 576. Low pressure drier with regeneration by imported heat. Operating diagram. 
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Figure 577 - Low pressure air drier at Louveciennes plant near Paris, France. MF ozone capacity 


2x 6.25 = 12.5 kg.h" 


mug Air or nitrogen 
(ama Oxygen 
gnggane Ozone 


@I@IBI Product to be oxidized 
Separation 


preparation 


Liquid 
to be treated 


Separation 


Oxygen top-up 





Figure 578. Ozone production with oxygen recycling. 


solution consists in recycling oxygen using 
an oxygen loop (see Figure 578). This 
makes it possible to benefit from the 
improved ozone yield obtained using pure 
oxygen (energy-concentration-produc- 
tion), while at the same time minimizing 
waste. 

The oxygen required to fill the loop, to 
replace the oxygen which is converted into 
ozone, and to make up losses is supplied 
from a liquid storage tank, a cryogenic 
plant or an oxygen line. 


The incoming oxygen will be suffi- 
ciently pure and dry as not to require con- 
ditioning prior to entering the ozone gen- 
erator. 

The oxygen/ozone mixture leaving the 
ozone generator is cooled and taken into a 
column filled with an adsorbent ozone- 
holding material. The oxygen, now bear- 
ing only traces of ozone, is recompressed 
and fed back into the ozone generator, 
which is then topped up with pure oxygen 
from the oxygen supply. Once adsorption 





has been completed, the column is swept 
using a desorption gas, which may be ei- 
ther pure nitrogen from the cryogenic 
plant or conditioned dry air. The air or 
nitrogen leaving the column contains 
roughly the same proportion of ozone as 
the oxygen which entered the column. 
The evenness of the ozone supply will 
depend on the number of columns used 
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and the staggering ot the adsorption/ 
desorption cycles. The throughflow and 
the concentration of ozone in the feed gas 
can be varied by regulating the desorption 
rate and the power consumed by the 
ozone generator. 

The oxygen recycling loop is of partic- 
ular interest in full-scale processes which 
have a heavy consumption of ozone. 





D6. 


OFF-GAS 
OZONE DESTRUCTION 


After being used for oxidizing the 
water under treatment, the air expelled 
from the ozone generator will continue to 
hold residual ozone. The proportion of re- 
sidual ozone in the outgoing feed gas will 
range from 1 to 15%, depending on the 
type of ozone generator used and the pro- 
portion of residual ozone maintained in 
the water. Ways must be found for avoid- 
ing the release of high ozone concentra- 
tions into the atmosphere (see Fig- 
ure 579). 

It may be possible to recycle the off- 
gas ozone into the treatment stage, 
though it should be remembered that this 
will require considerable energy input (for 
recompression and recycling) while giving 


Air 
treatment 


Figure 579. Air-flow in ozone treatment plant. 


Contact column 


unspectacular results, especially in drink- 
ing water treatment; the ozone dissolution 
efficiency will not exceed 50% at the low 
concentration at which it occurs in the 
recycled air (0.2 to 2 g.Nm”). 


Ozone recycling does not, therefore, 
avoid the need for destroying off-gas 
ozone, which must not be released into 
the atmosphere at concentrations above 
0.1 ppm. 


As it is not possible to simply dilute 
the off-gas ozone directly into the atmos- 
phere, a method must be found for sys- 
tematically destroying it. In theory, ozone 
can be destroyed in one of three ways. 


Chemical destruction may prove 
suitable for small laboratory-scale produc- 
tion units but not for medium- or large- 
scale plant, as the cost of reagent would 
be prohibitive. 


Ozone 
destruction 
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1 - Intake of air containing ozone to be destroyed. 
2 - Fan. 


3 - Heater. 
4 - Reactor. 


5 - Air/air exchanger. 
6 - Purified air outlet. 


Figure 580. Thermal ozone destruction with heat recovery. 





Figure 581. Thermal ozone destruction, at Hwamyong plant (South Korea). Ozone production capacity: 


4x 25 = 100 kg.h'. Four MBF 536 ozone generators. 


Catalytic destruction has been tried, 
but the catalysts used are not specific to 
ozone destruction and are highly sensitive 
to poisons such as nitrogen oxides, chlo- 
rides and sulphides. Further, they have a 
short life-span and require frequent 
recharging. 

The most reliable method is thermal 
destruction, with or without recovery of 
the heat energy applied. 


- For small- scale plant, with less than 
200 Nm’.h" of air to be treated, ozone is 
destroyed by heating the gas to about 
320°C by means of special easy-to-install 
high-surface-area expanded metal heating 
elements. No attempt is made to recover 
the heat energy in the outgoing gas. The 
heaters are powered from a thermo- 
statically-controlled thyristor power sup- 


ply. 
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- For medium- and large-scale plant, 
with more than 200 Nm*h" of air to be 
treated, ozone is again destroyed by heat- 
ing, but this time a heat-exchanger sys- 
tem recovers up to 80% of the heat energy 
as the gas leaves the furnace. 

This means that, under steady-state 
conditions, the electrical energy input 
required for ozone destruction will only be 
about 20 to 25% of the total energy 
required for heating the gas up to 320°C. 

The energy recovery system is shown in 
Figure 580. Air containing the residual 
-ozone to be destroyed (1) is sucked in by a 
fan (2) located in the upper part of the 








contact column and taken into the second- 
ary circuit of a high-efficiency plate-type 
heat exchanger (5), where, under steady- 
state conditions, its temperature is 
brought up from 15 to 260°C. The air 
then goes through the furnace as such (3), 
where its temperature is further increased 
to about 320°C. After spending about 3 
seconds in the reactor (4), the purified air 
comes back through the primary circuit of 
the exchanger, where, flowing in counter- 
current, it yields its heat energy to the new 
incoming air. Purified air leaves the ex- 
changer at about 70°C and is released into 
the atmosphere (6). 


Figure 581a. Bedok plant (Singapore). Battery of ozone generators. Production capacity: 


4x 12.4 = 49.6 kg.h". 
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6. OTHER OXIDATION PROCESSES 





ale 
POTASSIUM 
PERMANGANATE 


Potassium permanganate (see Page 
519) is a relatively expensive reagent which 
is above all used as a pre-treatment for 
removing manganese salts, which it does 
more efficiently than chlorine. It will also 


62 
BROMINE 


Bromine possesses antiseptic and algi- 


Gs. 
HYDROGEN PEROXIDE 


Hydrogen peroxide is commercially 
available in solutions of 35%, 50% and 
70% of H202 by weight (see Page 519). 





6.4. 
PERMONOSULPHURIC 
ACID (CARO’S ACID) 


Caro’s acid (chemical formula H2SOs, 
see Page 521) is used for oxidizing out cya- 
nides before disposal (see 259). It is com- 
mercially available as a 200 gl" solution 
of H2SOs (15% by weight). This solution 


oxidize out any iron salts that are present. 

Potassium permanganate has occasion- 
ally been used as a pre-treatment for ox- 
idizing out organic matter from surface 
water, but it is difficult to determine the 
correct dosage to apply and there is always 
a risk of soluble manganese remaining in 
the water (the water will have a pink tint in 
the presence of excess KMnQOsg). 


cidal properties and is used in the disin- 
fection of swimming pools. The minimum 
residual bromine concentration to be ob- 
served is 1 g.m™. 


It is an unstable reagent, especially un- 
der the effect of temperature, light, alkaline 
pH and certain metals, though its stability 
can be increased by means of additives. To 
minimize decomposition of hydrogen per- 
oxide, all recipients and dosage instru- 
ments should be in stainless steel. 


will remain stable for a few months if kept 
cool. 


The commercially available solution is 
usually added directly to the cyanide ox- 
idation chamber and the pH corrected by 
adding caustic soda. 


The reagent can also be prepared in situ 
from hydrogen peroxide and sulphuric acid. 


6. Other oxidation processes 


6.5. 
CHLORAMINES 


Chloramines are used for disinfection 
purposes. As bactericides, they are slower- 
acting than chlorine, though they are also 
more stable and thus longer-lasting. Their 
use does not bring about the formation of 
haloforms. 

Chloramines are prepared from chlorine 
and ammonia (1 dose of ammonia to 2-4 
of chlorine) or chlorine and ammonium 


6.6. 


ULTRAVIOLET 
RADIATION 


Ultraviolet radiation at wavelengths be- 
tween 200 and 300 nm (UV-C, see Figure 
582) has a powerful germicidal effect, 
which is at its maximum around 260 nm. 
Exposure to ultraviolet radiation can 
therefore be used to remove bacteria and 
viruses without the addition of chemicals. 


In practice, ultraviolet radiation is pro- 
duced by high-pressure or low-pressure 
mercury-vapour lamps. High-pressure 
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salts. When applied to drinking water, it is 
recommended not to count on the ammo- 
nium initially present in the water to be 
treated. 


Chloramines are of interest in cases such 
as the following: 
- long supply lines in which water 
remains for long periods at relatively high 
temperatures, 
— piping whose coating is liable to pro- 
duce ill-tasting substances under the effect 
of chlorine treatment. 


lamps emit higher-powered UV-C radi- 
ation (about 100-150 W) than low- 
pressure lamps but use energy less effi- 
ciently (about 15 W per watt of UV-C, 
against 8 W per watt of UV-C with a low- 
pressure lamp). The lifespan of a low- 
pressure lamp is around 8,000 hours, 
while that of a high-pressure lamp is 
around 3,000 hours. 


A UV treatment system consists of one 
or more lamps, protected by quartz shields 
which provide thermal isolation from the 
water being treated. Certain full-scale 
apparatus incorporates automatic control 
and safety systems. 





Sites 
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Figure 582. Ultraviolet spectrum, showing the effects of different UV wavelengths. 
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The mercury-vapour lamps may either 
be mounted in a closed cylindrical tube 
(see Figure 583) or in an open channel. In 
both cases, the water under treatment is 
made to circulate in front of the lamps in a 
thin layer to ensure rapid absorption of the 
UV radiation. 

The energy consumed for disinfection 
will usually range from 15 to 40 Wh.m”, 
varying with the degree of radiation which 
is absorbed by the water, which in turn de- 


Treated 


water oulet_—| 


Gas 


Quartz shield 








Raw 
water intake 


reel 





Figure 583. Closed-type UV reactor. 





Or 
IONIZING RADIATION 


Jonizing radiation, already used in the 
conservation of certain foodstuffs, has 
come under consideration as a means for 
water and sludge disinfection. However, 
the technical demands of such a process 


pends on factors such as turbidity, the 
presence of metals, organic matter, etc. 
The absorption is characterized by the 
transmittance of the liquid layer and 
defined in terms of the ratio between the 
intensities of incident and emerging light. 

UV treatment is used above all in the 
production of ultrapure water and in fish 
farming. Its great advantage is that of not 
introducing foreign substances to the 
water. However, UV treatment does not 
produce lasting effects and its use in the 
disinfection of drinking water is therefore 
restricted to short, well-maintained distri- 
bution systems. 





1 - Electrical control 
cabinet. 


3 - Well. 
4 - UV reactor. 


2 - Pump. 5 - To distribution system. 


Figure 584. UV plant for disinfection of drinking water. 


make its use in water treatment prohib- 
itively costly for the time being. The tech- 
nique usually makes use of cobalt sources. 
The ionizing intensities required would be 
follows: 

- for disinfection: 
10° Ci/m?.h, 

— for total sterilization: 4.5 megarad with 
10° Ci/m*h. 


450 kilorad with 
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7. REMOVAL OF RESIDUAL OXIDIZING AGENTS 





Residual traces of oxidizing agents 
must be removed from water in cases 
such as the following: 


— preparation of drinking water, 


— water to be filtered by ion-exchange 
resin or membrane, 


er. 
REMOVAL BY CHEMICAL 
MEANS 


The chemical removal of residual ox- 
idizing agents requires the addition of 
reducing agents (see Page 260), generally 
based on sulphur dioxide (see Page 521). 
The following reducing agents are the 
most frequently used: 


e Sulphur dioxide (SOz) in liquefied gas 
form, supplied in pressurized containers. 
Sulphur dioxide is dosed out using equip- 
ment similar to that used for chlorine gas. 
It hydrolyzes into sulphurous acid as fol- 
lows: 

SO, + HO — H2SO3 

The ensuing reaction with free chlorine 

is: 
H2SO; + HClO — HCl + H2S0Ox 
And with monochloramine, we have: 

H2SO3 + NH2Cl + HO — NH«Cl + H2SO4 

Similar reactions are observed with di- 
and trichloramines. 

The chlorine stoichiometry 1s 
0.90 grammes of SO2 per gramme of 
chlorine or 1.46 grammes of NaHSO; per 
gramme of chlorine. 


— drinking water transported over long 
distances, 

— disposal of disinfected wastewater into 
fragile natural environment, 

— oxygen traces in boiler feedwater. 


Removal can be carried out using 
chemical or physical methods. 


e Crystallized sodium metabisulphite 
(Na2S20s) at 60-62% of SO2. 


e Crystallized sodium sulphite (Na2SOs). 


e Sodium bisulphite (NaHSO3) in 
aqueous solution at 23-24% of SOz. 

The reaction kinetics are rapid. 

In the treatment of drinking water, we 
usually rely on the mixing which takes 
place in the pipeline itself, without the 
need for a special reaction tank. The dos- 
age is regulated from the residual chlorine 
content measured in the water. 

If reverse osmosis is applied, the stoi- 
chiometrically calculated dose is often 
increased by about 20%. Ammonium 
bisulphite is occasionally used under these 
circumstances. 


NOTE: If reverse osmosis is applied, sodium thio- 
sulphate (Na2S203) must not be used, as there is a 
risk of a secondary reaction (dismutation) decom- 
posing the thiosulphate, thus forming sulphur de- 
posits likely to clog the permeators. 


The physical and chemical treatment of 
boiler water is dealt with in Chapter 25. 


In the agri-food industry, pure anhy- 
drous sulphite is generally used. (Excep- 
tionally, ascorbic acid may be used.) 
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72: 

REMOVAL BY PHYSICAL 
MEANS 
(DECHLORINATING 
ACTIVATED CARBON) 


Activated carbon works by catalytic 
action and requires the water to 


remain in contact with the catalyst for a 
few minutes in a catalyzer column. The 
dechlorination efficiency decreases over 
time owing to contamination by organic 
matter, oxidation products, etc. The acti- 
vated carbon technique is mainly used in 
the refreshments industry. It is not recom- 
mended in those cases where reverse 
osmosis is to be applied, as there is a risk 
of bacterial proliferation and release of 
fines. 
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THICKENING AND 
STABILIZATION OF SLUDGE 


All forms of sludge need to undergo 
treatment of one sort or another before 
being discharged into the natural ecosys- 
tem or re-used. The classification of dif- 
ferent types of sludge, the quantities pro- 
duced, and their final usages are given in 
Chapter 2, Sub-chapter 6. Figure 585 
illustrates the main possible stages of the 
sludge treatment process. 


Sludge treatment must serve at least 
one of the following two purposes: 
— reduction in volume; 
— reduction of fermenting capacity. 


Volume is reduced by the following 
means: 
- thickening, which produces a sludge 
that is still fluid; 
— dewatering (natural drainage and dry- 
ing, separation by mechanical means); 
- thermal drying or incineration fur- 
ther to dewatering. 


The sludge must usually be condi- 
tioned prior to dewatering. Conditioning 
is sometimes recommended prior to thick- 
ening. 

Reduction of fermenting capacity, 


or stabilization, can be achieved by one of 
the following means: 

- anaerobic digestion; 

— aerobic stabilization; 

— chemical stabilization; 

- final heating and incineration. 


Further, pasteurization and condition- 
ing by heating can be used to thoroughly 
remove pathogenic germs. Direct chem- 
ical oxidation in highly pressurized 
aqueous media achieves both stabilization 
and pasteurization. 


It is usually preferable to thicken 
sludge before stabilizing it, rather than 
vice versa, particularly when biological 
stabilization is used. Anaerobic digested 
sludge is very slow to thicken, mainly due 
to the occlusion of large quantities of 
microbubbles of gas. The thickening of 
aerobic stabilized sludge is invariably of 
mediocre quality. This chapter will there- 
fore look at thickening and stabilization 
techniques, and Chapter 19 will discuss 
conditioning, dewatering, drying, and 
incineration. 
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(DS up to 20% in exceptional cases) 
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Figure 585 - Sludge treatment processes. 


1. Sludge thickening — 


1. SLUDGE THICKENING 





Thickening is the first stage in reduc- 
ing the volume of sludge. The design 
and operating costs of the sludge treat- 
ment line depend directly on the thick- 
ening process. The thickening process 
usually corresponds to an increase in the 
concentration of the sludge collected in 
the clarification settlers, whilst remain- 
ing within the limits of sludge pump- 
ability. The levels of maximum concen- 
tration vary between different types of 
sludge. The threshold is much higher in 
suspensions of discrete particles than 
colloidal suspensions. The true state of a 
sludge cannot be estimated on the basis 
of the concentration of dry solids alone, 
but also requires thorough knowledge of 
constituents. 


The thickening process offers numer- 
ous advantages: 


— in works of equal capacity, thickening 
increases the retention time and the 
degradation rate of organic matter in 
anaerobic digesters or aerobic stabilizers. 
Thickening fresh sludge can avoid the 
need to recirculate supernatant matter 
from these works; 


— improved reliability along the entire 
water treatment line. Sludge can be 
extracted from the settlers in very liquid 
form without degrading the quality of 
the settled water, since the sludge levels 
in the settlers remain sufficiently low. 
The delicate sludge extraction process 1s 
thus limited to a single, or small num- 
ber of units; 


— reduced volume of conditioning works, 


particularly in the case of thermal condi- 
tioning; 

— improved performance of dewatering 
units, such as the drying beds, centrifuges, 
belt filters, and particularly filter presses. 


Over and above increased investment 
costs, which are often compensated for 
elsewhere, the main drawback of the 
thickening process is that it is a source of 
nuisances when applied to organic sludge. 
The main preventive measure is to ensure 
that works are operated in a regular and 
rational manner. The environment can be 
protected by covering the works and de- 
odorizing the enclosed stagnant air. Smell 
can also be controlled by treating the 
sludge with lime. 


There are two main thickening tech- 
niques: 
- thickening by settling; 
- thickening by flotation. 

Other techniques should also be men- 
tioned: 
- thickening by centrifugation; 
— thickening by drainage. 

Some of these techniques only apply to 


restricted cases and to given types of 


sludge, which is why more and more 
treatment plants are combining different 
thickening processes on a single site. This 
is particularly true of plants treating mu- 
nicipal or industrial wastewater that fea- 
ture primary settling and secondary bio- 
logical treatment. If excess activated 
sludge is thickened separately using a 
technique that is suited to colloidal 
sludge, such as flotation, then the total 
volume of thickened primary and second- 
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ary sludge produced is substantially lower 
than when the sludges are thickened 
together (whether they be collected in an 
actual thickener or in the bottom of a pri- 
mary settler that also receives the excess 
sludge). 

The use of a preliminary flocculation 
process with organic polymers depends on 
the thickening technique and the type of 
sludge. 


els 
THICKENING 
BY, SETELING 


(often referred to as just “thickening”) 


The sludge-laden suspension is fed into 
a tank (thickener), where it remains for a 
lengthy retention time so that the sludge 
is compacted. The sludge is extracted 
from the bottom, while the supernatant 
liquid is drawn off the top. 


1.1.1. Design laws 


The sludge’s sedimentation curve, 
which is drawn using a recipient with a 
sufficiently large diameter, is a reliable 
guide for the design of the thickener. 
Kynch’s theory is applied to the design of 
thickeners, and more particularly, to the 
calculation of the surface area correspond- 
ing to the withdrawal concentration C, 
(refer to Page 164 for calculation of the 
limits of solids flux rate Fy). 


It is more difficult to calculate the 
depth of the thickener, which must corre- 
spond to the sum total of the height 
required to apply the compression needed 
to achieve the requisite concentration, and 


Sludge often requires pretreatment pri- 
or to the thickening stage. The scope of 
the pretreatment depends largely on the 
quality of the raw water pretreatment and 
the thickening techniques used. The pur- 
pose of the sludge pretreatment process 
may be to remove sizeable particles, abra- 
sive matter, fibres, or grease with a view 
to preventing subsequent wear and clog- 


ging. 


a certain “freeboard” height. The free- 
board allows for: 

- clarification of interstitial liquid; 

- variation sludge level resulting from 
changing withdrawal conditions; 

- correct hydraulic distribution of the 
incoming liquor. 


The freeboard usually measures be- 
tween 1 m and 2 m. It is important that 
thickeners be deep enough. By way of ex- 
ample, a total cylindrical depth of at least 
3.5 m, including storage volume, is rec- 
ommended for MWW sludge. 


Thickening by settling does not usu- 
ally involve any preliminary condition- 
ing, with the exception of the thermal 
conditioning of organic sludge. Lime is 
sometimes added to fermentable sludge 
(refer to Page 944) to avoid emissions of 
foul-smelling gases that impair the set- 
tling process. The retention time for this 
oes of sludge is usually limited to one 

ay. 


If precise experimental information for 
the sedimentation curve of the suspension 
in hand is unavailable, the following 
design data can be used as a first approxi- 
mation: 


1. Sludge thickening 















Possible concentration 
DS in gt 


Solids flux rate 
DS in kg.m™.d" 





Type of sludge 














Fresh primary 80 to 120 90 to 120 
sludge (MWW) (according to OM (70 to 80 with fine 
content) prescreening) 


Primary sludge 
+ fresh activated 45 to 70 40 to 60 


sludge (MWW)* 


Activated sludge only 

















Carbonate 

sludge 

— high hydroxide content 350-450 150-200 
- low hydroxide content 800 to 1200 600-800 


Sludge from flocculation of 
drinking water with metal- 
lic hydroxides (no silt) 


15: to 25 15 to 30 


* The ratio of primary sludge to activated sludge has a significant effect. 





Figure 586. Marseilles plant in southern France. Capacity: 1,150,000 population equivalents. The physical- 
chemical sludge and fresh sludge are thickened separately in 2 x 28 m dia. and 2 x 20.50 m dia. tanks re- 


spectively. 
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essieed: 6- Weirs. 
2- Sludge outlet. 7- Launder for supernatant. 
3 - Supernatant outlet. 8- Scraper. 
922 4- Drive unit. 9- Picker fence. 
5- Inlet well. 10- Scum picket fence. 


Figure 587. Simplified diagram of a thickener. a) cross-section. b) top view. 





Figure 588. Thickener with scraper and picket fence, 13 m dia. Lagny facility, Paris area (France). 


1. Sludge thickening 


The rising velocity that corresponds to 
the overflow rate is an important design 
factor only for highly diluted sludge (SS 
< 3 gl approximately). The rising 
velocity for a mix of primary sludge and 
fresh activated sludge in a sufficiently 
deep thickener is about 0.5 mh”. 


1.1.2. Mechanized thickeners 


Thickeners are always circular in shape. 
Small-diameter cylindrical tanks are made 
_of steel. The thickeners are fitted with a 
dual-purpose rotary mechanism: 

— first, it transfers the sludge deposits to 
the central hopper using scrapers posi- 
tioned immediately above the floor of the 
tank; 

— second, it enhances the release of inter- 
stitial water and occluded gas using a ver- 
tically-mounted “picket fence” attached to 
the rotary mechanism. 


In works made of concrete, the gra- 
dient of the floor is between 10 and 20%. 





The mechanical rotary system is usually 
centrally driven with a diametral bridge 
and is very sturdy in design. In large- 
diameter units or when handling heavy 
sludge, such as discharge from mining in- 
dustries, drive torque may exceed 
80 m.daN.m™. In units handling MWW 
sludge, the drive mechanisms are usually 
designed for drive torques of between 20 
and 30 m.daN.m”. 


The rotating assembly is suspended 
from a gangway, which is usually made of 
concrete (see Figure 587). The scraping 
system is made up of a series of scrapers 
arranged in echelon. 


In large-scale units, the rotating 
assembly may be suspended from a cen- 
tral column, which also acts as a guide. 
When handling highly compacted sludge, 
the extraction pumps can be located in- 
side this central column, which virtually 
does away with the need for sludge pump 
suction pipes (see Figure 589). 








1 - Sludge inlet. 
2 - Centrideg drive assembly. 
3 - Scraper arm. 


4 - Sludge recovery pumps. 
5 - Scum outlet. 


6 - Scum skimmer. 
7 - Gangway (fixed). 


Figure 589. Settler-thickener with sludge pumping in inlet well. 
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see 





Figure 590. Valenton plant east of Paris, France, operated by the S.I.A.A.P. 


Settler-thickener. Diameter; 52 m. 


In a number of cases (lack of space, 
risk of smells), sludge is thickened in the 
raw water settler itself. The centre of the 
settler-thickener features a large thicken- 
ing area, complete with scraper and picket 
fence. The depth at the centre of such 
units varies between 6 and 9 m (see Fig- 
ure 590). 

It is preferable that the sludge enter the 
thickener from above, particularly when 
the risks of clogging are high. 


1.1.3. Operation of thickeners 


The sludge withdrawal system must be 
safe, reliable, and flexible. The extraction 
valves or pumps must be positioned as 
close to the central sludge hopper as pos- 
sible (refer to Page 676). 


Tunnels passing beneath the tank floor 
to the central hopper are very useful in 
large-diameter thickeners, particularly 
those handling very compact or thixo- 
tropic sludge. 


The sludge entering the thickener is 
sometimes diluted with water for one of 
several reasons: either to wash the 
sludge (elutriation) with a view to 
reducing. consumption of the condition- 
ing minerals used to remove colloidal 
matter, or to reduce excessive sludge 
salinity prior to incineration. This type 
of sludge washing usually substantially 
increases the load at the head of the 
plant due to the returns from the thick- 
ener overflow. 


In order to reduce the danger of bad 


smells, the upper liquid layer is usually 
regularly renewed by feeding the thickener 


1. Sludge thickening 


continuously and avoiding any concentra- 
tion of sludge in the upstream settler. 


In plants handling industrial waste- 
water, where sludges of widely varying 
densities are treated on a single dewater- 
ing line, the following precautions are rec- 
ommended: 

— a pre-homogenization tank upstream 
of the thickener; 


BL.2. 


THICKENING 
BY FLOTATION 


Static thickening by settling is not 
very effective when applied to highly or- 
ganic and fermentable sludge, such as 
activated sludge, or other colloidal 
sludges, such as hydroxide sludge. 
Thickening by flotation offers some sig- 
nificant advantages: 

— reduced surface area and volume of 
the thickening units; 

— production of more concentrated 
thickened sludge. 


Up till now, dissolved air flotation 
has mainly been used to thicken acti- 
vated sludge and to recover cellulosed 
fibres or proteinic matter. But this 
process can also be applied to hydro- 
philic inorganic sludge (e.g., alumin- 
ium hydroxide type sludge) made of 
low-density flocs. 


The increased energy consumption of 
thickening by flotation is largely com- 
pensated for by the advantages gained 
in the operation and the design of the 
sludge treatment line equipment — sta- 


— the contents of the thickener must be 
continuously recycled in the thickener to 
avoid any stratification phenomena likely 
to impair the workings of the dewatering 
process. 


The extraction process can be automat- 
ically initiated by sensors detecting the 
surface of the sludge or by measuring the 
concentration of extracted sludge. 


bilization units and dewatering equip- 
ment. 

The principle of dissolved air flota- 
tion is described on Page 175, in Chap- 
ter 3. Flotation units are either circular 
or rectangular. Circular units (refer to 
Page 685) are usually more efficient as 
the surface area of the “negative grav- 
itational field” generated by the release 
of the microbubbles is greater. The 
sludge bed is both thicker and better 
distributed, and the dry solids content is 
consequently higher on the surface. 

Preliminary conditioning with 
polymers can improve unit efficiency, 
and is indispensable in certain cases. 
Care must then be taken that the SS, 
polymers, and bubbles are intimately 
blended. 


1.2.1. Excess activated sludge 


Pressurization can be either full-flow or 
recycle (see Figure 591). 

In the full-flow option, the sludge 
itself is pressurized. The pressurization 
and pressure release system must be 
designed to handle elements entrained by 
the sludge without impairing overall per- 
formance. This process offers numerous 
advantages: 
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— improved dry solids content in most 
instances; 
— high solids flux rate (70 to 200 kg SS 
per m’.d with activated sludge); 
- usually able to operate without polymers. 
In the recycle system, which is similar 
to the system used in water clarification 
applications, water is pressurized, then 
depressurized and mixed with the sludge 
at the flotation unit inlet. The water may 
be brought in from outside the system or 
from the flotation unit underflow. This 
option is suited to unconcentrated sludge 
with an SS content of between 1 and 
3 g.1'. For raw sludge with a concentra- 
tion level of 5 g.”' of SS, the flow rate of 
pressurized water amounts to between 80 
and 100% of the raw sludge flow rate. 
Maximum thickening is achieved with 





Sludge inlet. 

Blending chamber. 
Pressure release device. 
Floated sludge launder. 
Floated sludge outlet. 
Scraper. 


DH KR WwW KH ™ 
' 


a thick floated layer. Applying polymers in 
dosages of between | and 2 kg per tonne of 
SS increases solids flux rate and improves 
the concentration of floated sludge. Howev- 
er, most flotation-thickening units do not 
use polymers, particularly when they work 
by full-flow pressurization. Consumption 
of compressed air varies from 0.01 to 
0.025 kg of air per kg of DS. 

The concentration of floated excess ac- 
tivated sludge usually ranges between 3.5 
and 5%, which is approximately 1.5 times 
higher than concentrations obtained by 
straightforward settling. Overall energy 
consumption of flotation units varies be- 
tween 200 and 400 Wh per m? of sludge. 
The performance of flotation units de- 
pends directly on the physical structure of 
the floc. The lower the SVI of the sludge, 








7- Faull-flow pressurization system. 
8- Water underflow outlet, 

9- Pumps. 
10- Air saturation tank. 
11 - Pressurized air. 
12- Heavy sludge. 


Figure 591. Sludge flotation unit — flow chart (circular unit). Both the full-flow and recycle processes are 


possible, 


1. Sludge thickening 


the higher the concentration of the floated 
sludge. 

The underflow from flotation units 
with full-flow pressurization is usually 
slightly more laden (SS 80 to 250 mg.I’) 
than the underflow from recycle systems 
(SS 30 to 150 mg"). Clarification can be 
further improved through the use of 
polymers. 

In exceptional cases, such as the treat- 
ment of certain concentrated industrial 
wastewaters, where the activated sludge 


liquor is clarified by flotation, there is no 
need for additional thickening of excess 
sludge. 

In MWW purification plants, flotation 
can also be used to thicken fresh sludge 
mixtures. Although the concentration of 
floated sludge may reach 5 to 8%, the 
advantages of this solution remain to be 
proven. A more common option includes 
the gravitational thickening of primary 
sludge with thickening by flotation of 
excess activated sludge (see Figure 593). 





Figure 592. The Lille-Marquette plant serving the conurbation of Lille in northern France. Capacity: 
750,000 population equivalents. Activated sludge flotation unit. Diameter: 11 m. 


Wastewater pecery 


settling 





Flotation 


Primary 
sludge 
thickener 


Primary sludge 


Aeration 


| Recirculation 


Storage 


ne? : 


Treated water 
Secondary 
settling 


Excess activated sludge 


Floated sludge 


To digester or conditioning 





Figure 593. Thickening of activated sludge by flotation in an MWW purification plant. 
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1.2.2. Drinking water sludge 


The concentration of sludge produced 
by settling surface water that has already 
undergone flocculation is usually low. Flo- 
tation can be used to quickly reach thick- 
ening rates that are substantially higher 
than those possible by straightforward 
sludge settling. This sludge is made up 
mainly of metallic hydroxides. 


The pressurization system is usually of 
the recycle type. The flow rate of recycled 
pressurized water is usually less than half 
that of the water being treated. Flotation 
aids should be applied in dosages of about 
2 kg of polymer per tonne of DS. Sodium 
alginate is one possible aid. 

The concentration of the extracted 
sludge can thus rise as high as 2 or 3 gl’. 


Solids flux rate varies between 50 and 
150 kg of SS/m’.d depending on the type 
and concentration of the sludge, and more 
particularly on whether the flow includes 
filter wash water. 

If the water is clarified by flotation, 
then there is clearly no need for a second 
flotation unit. 


1.2.3. Operation of flotation-thick- 
ening units 


Since the thickened sludge is located on 
the surface, it is all the more easy to 
extract (see Figure 595). A high number 
of scrapers are required per unit of surface 
area, and large units measuring more 
than 14 m in diameter require two inlet 
hoppers, each fitted with a lifting pump. 





Figure 594. The Lac-de-Bret unit in Switzerland. Flow rate: 1000 m’.h”'. Flotation of sludge produced in 
the clarification of drinking water. 


1. Sludge thickening 





Figure 595. The Lac-de-Bret unit in Switzerland. 
- Thickened sludge outlet from sludge flotation unit. 


as 
THICKENING 
BY CENTRIFUGATION 


Specially designed (cylindrical nozzle- 
type, for example) or suitably built con- 
tinuous centrifuges can be used to 
thicken excess biological sludge (refer to 
Page 1015). The dry solids content of 
the thickened sludge varies from 4 to 
8%, but the quality of extraction is 


1.4. 
THICKENING 
BY DRAINAGE 


Reducing the volume of sludge has 
now become a priority in the smaller 
and medium size plants. The above 


The level of the sludge in the unit 
can be controlled by selecting the right 
scraping speed and rate. The optimal 
sludge depth ranges from 0.30 m to 
1 m. 


Sludge flotation units can withstand 
relatively long interruptions in feed and 
pressurization lasting up to several 
hours. Nevertheless, continuous or quasi 
continuous feed is preferable. Flotation 
units can be fully automated with no 
need for on-call personnel. Covering the 
flotation units does not improve process 
reliability, even in regions of heavy rain- 


fall. 


usually inferior to that achieved by flo- 
tation. 

Between | and 3 kg of polymers per 
tonne of SS may be added if the load of 
the centrifugate is to remain low. Con- 
sumption of reagents also depends to a 
large extent on the changes in the con- 
centration of the incoming sludge. Cen- 
trifugation is much more sensitive to 
changes in sludge characteristics than 
flotation. Energy consumption on excess 
activated sludge varies between 800 and 
1500 Wh per m’ of sludge. The centrif- 
ugation unit is highly compact. 


mentioned thickening techniques invar- 
iably require costly facilities and/or 
highly specialized personnel. Purifica- 
tion plants that discharge sludge for 
agricultural use on a seasonal basis need 
sludge that has been thickened but can 
still be easily pumped and spread by 
conventional means (e.g., liquid manure 
tanker). 


22) | 
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Thickening by drainage is an attractive 
solution. Although different systems are 
available (drums, filter bags, etc.), the 
GDE screen is the solution that combines 
ease of use with reliability (see Figure 


596). 


The GDE screen operates continuously. 
It is placed directly on the delivery side of 
the fresh sludge feed pump. The floccu- 
lated sludge is spread on a horizontal fine 
screen, which is permanently scraped by 


rubber blades. 


As the sludge moves along the screen, 
the concentration level increases. Ideally, 
when the sludge reaches the end of the 
screen, it should contain no more free 
water. Both the flow rate of the feed 
pump and the speed at which the screen is 
scraped are adjustable. The screen is 
washed regularly with a spray of pressur- 
ized water. 





Sludge inlet. 
- Drainage screen. 
Scraper. 

- Water outlet. 

- Thickened sludge outlet. 


Wm dQ B Ro = 
' 


Figure 596. GDE screen. 
Flow chart and overall view. 


The flocculation agent is introduced 
through a static mixer located down- 
stream of the sludge pump. Polymer con- 
sumption is relatively high, reaching 
about 5 kg per tonne of SS. But, in small 
plants, this expense is more than compen- 
sated for by the advantages of thickening: 
— direct withdrawal of low-concentration 
excess sludge from the aeration tank and 
consequent elimination of the intermedi- 
ate silos; 

— two- or three-fold reduction of volume 
of stored sludge prior to use in agricul- 
ture; 

- similar reduction in sludge transporta- 
tion Costs. 

The GDE screen can either be placed 
at ground level and the thickened sludge 
is then lifted by pumps, or it is located on 
the thickened sludge storage facility. The 
latter option is more simple (see Figure 
597). 








I. Sludge thickening 








I - Input sludge. 4 - Metering pump. 7 - GDE screen. 
2 - Polymer. 5 - Static mixer. 8 - Sludge store. 
3 - Dilution water. 6 - Sludge pump. 9 - Liquid manure tanker. 


Figure 597. Sludge thickening unit with GDE screen. 
The following table shows the performance characteristics of GDE screens: 
Type of raw sludge Capacity in kg/h” SS 


and concentration in per metre width of 
SS screen 


Dry solids content of 931 
thickened sludge in % | 


1. MWW 
Extended aeration 
<10 gt" 30 to 70 
>10 gl" 60 to 200 


Anaerobic digestion 
70 to 140 


15 to 25 ei) 


2. Dairies 
Trickling filter + 


extended aeration 
30 gl"! 140 to 180 


3. Clarification 
Aluminium hydroxides 
10 to 15 gl" 25 to 35 2.5 to 4.5 





Since there is no pressing stage, the stream of a dewatering unit (belt filter, 
extraction rate is high, occasionally reach- _ centrifuge, filter press), or for solids-liquid 
ing 95% separation in industrial manufacturing 

The GDE screen can also be used as a __ processes. 
pre-thickener located immediately up- 
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2. SLUDGE STABILIZATION 


Only sludge with a high content of 
rapidly biodegradable matter undergoes 
the stabilization process, i.e.: 


— sludge produced by the straight- 
forward settling of MWW, or primary 
sludge; 


- sludge from medium- and high-rate 
aerobic biological treatments — excess acti- 
vated sludge, trickling filter sludge, sludge 
from the washing of granular bed biofil- 


2 
ANAEROBIC DIGESTION 


Methane fermentation (refer to Page 
316) is one of the most powerful means 
of destroying cells known to biology and 
also removes substantial quantities of or- 
ganic matter. 


Since fresh sludge already has a suffi- 
ciently high concentration of organic mat- 
ter for the subsequent synthesis of bacte- 
rial flora, the anaerobic digestion of 
sludge does not usually involve the recy- 
cling of thickened digested sludge. 


2.1.1. Gas production 


Gas production is the most repre- 
sentative and simplest criterion to meas- 
ure the quality of digestion. Gas produc- 
tion depends on two main factors: 

— temperature; 
— retention time. 


The main components of the gas are 


CH, (65 to 70%) and CO? (25 to 30%). 





ters — often simply referred to as biolog- 
ical sludge; 

— combinations of these two sludge types, 
or mixed sludge. 

The term fresh sludge usually refers to 
sludge prior to stabilization. Stabilized 
sludge or digested sludge refer to 
sludge after stabilization. In current 
usage, the term digested usually applies 
only to sludge that is stabilized by anaero- 
bic process. 


Other constituents - CO, N2, O2, hydro- 
carbons, and H2S - may exist in small 
quantities. 

Figure 598 shows the quantity of gas 
produced by digesting 1 kg of organic 
matter at different temperatures. In 
MWW treatment plants, organic matter 


1 gas/kg of organic matter 


36°C 


gre 


90.0 


2, (We ) 


10 20 30 40 50 60 70 80 Days 


Figure 598. Gas output versus retention time and 
temperature. 


2. Sludge stabilization 


content is usually reduced by between 45 
and 50%. 

Since the destruction of 1 kg of 
organic matter contained in MWW pro- 
duces between 900 and 1,000 | of gas, the 
gas output of a correctly balanced diges- 
tion unit is between 400 and 500 | of gas 
for every kg of incoming organic matter. 

The temperature is critical to the diges- 
tion process, affecting the startup speed, 
the stabilization of fermentation, and the 
gas output. The sludge heating facilities 
can only be bypassed on small units - a 

few thousand population equivalents - 
with very long retention times. 

The process generally used is meso- 
philic fermentation at temperatures 
around 35°C. Thermophilic fermentation 
is rarely used because the gains in reactor 
size and removal of pathogenic germs are 
cancelled out by high power consumption 
and heightened sensitivity to variations in 
load. 

The net calorific value of gas pro- 
duced by digestion varies according to 
the methane content, and usually 
increases in line with digestion time. The 
figure is usually between 22,600 and 


Figure 599. Barueri plant in Brazil serving the 
city of Sao Paulo. Capacity: 160 td " of sludge. 
8 digesters measuring 10,000 m? each. 


25,100 kJ.Nm®, which corresponds to 
>; 400 and 6,000 ‘kcal.Nm?. 


2.1.2. Parameters aftecting the per- 
formance of anaerobic digestion 


Over and above the temperature, the 
retention time, relative to the daily 
input of fresh sludge, is a very important 
design factor for two reasons. First, 
because the settled and digested sludge is 
not recycled in the reactor, and second, 
because the sludge thickens only very 
slightly in the reactors. 


Satisfactory retention times can be 
achieved by: 
- a sufficiently high reactor volume; 
- highly concentrated fresh sludge. 


Biochemical reactions are encouraged 
by high sludge concentration levels. A 
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concentration of 15 g.l’ DS is the mini- 
mum value for industrial plants handling 
municipal waste sludge. 


Two other parameters can be used to 
improve the performance and control of 
sludge digesters: 

— intensive mixing, which is more use- 
ful in methane fermentation of (viscous) 
sludge than that of the effluents. Thor- 
ough mixing minimizes the differences in 
temperature and organic matter concen- 
tration between the fresh and digested 
sludge in the digester, and improves the 
chances of contact between the microor- 
ganisms and the matter to be broken 
down. The difference in performance be- 
tween laboratory digesters and full-scale 
versions is often due to a difference in the 
intensity of mixing; 

- regular feed - the input of fresh 
sludge and the extraction of digested 
sludge must be regular to avoid sudden 
variations in the development of micro- 
organisms. 


The removal of organic matter is also 
affected by the organic matter content of 
the fresh sludge and the type of organic 
matter. Removal is usually improved 
when the initial organic matter content is 
high. Removal rates may drop as far as 
35-40% with certain fresh sludge contain- 
ing only 50 to 55% organic matter. 


2.1.3. Results and advantages of di- 
gestion 


Fresh sludge from municipal effluents 
is grey or yellowish in colour, contains fe- 


cal matter, vegetable waste, paper, etc., 
and has a foul smell. Digested sludge is 
black - iron sulphide - and smells like 
tar. The initial constituents can barely be 
distinguished — except human and animal 
hair, certain seeds, and small pieces of 
plastic. 90% of salmonella and most path- 
ogenic germs are destroyed, although the 
removal of viruses appears slightly less 
efficient. Exposing digested sludge to 
the open air does not cause any nui- 
sance. 


Let: 


— m1 be the percentage of inorganic mat- 
ter in the fresh sludge; 

— mz be the percentage of inorganic mat- 
ter in the digested sludge. 


The reduction x of the VS by digestion 
is obtained by the following formula: 


_m (100 = m2) 
m2 (100 - m)) 


A 45-50% reduction of the OM con- 
tent of MWW sludge corresponds roughly 
to the removal of one-third of dry solids. 
The dimensions of the sludge dewatering 
plants can thus be reduced accordingly. 


Anaerobic digestion is also a source of 
methane gas, which is a storable form of 
energy. At full load, the quantity pro- 
duced can usually more than cover the 
thermal needs of the digestion plant. On a 
daily basis, the gas is usually stored in 
bell-type gas holders close to atmospheric 
pressure, or in spheres pressurized to a 
couple of bars. 








The excess gas can be used for heating 
purposes and to generate electromechan- 
ical energy (refer to Page 1324). A 
straightforward plant for the primary set- 
tling and digestion of MWW can thus 
virtually achieve self-sufficiency in electric 
power. Purification plants using biological 
treatments can also perform well in terms 
of energy consumption if the aeration 
process is energy-saving (e.g., activated 
sludge with air diffusion by small bub- 
bles, trickling filters) and the sludge treat- 
ment is simple. 

The buffer capacity that digesters pro- 
vide can also be used to regulate the 
working of the downstream sludge treat- 
ment units. Lastly, digested sludge can be 
stored in open ponds without causing any 
unpleasant smells. The absence of any 
nuisance and the virtual energy self- 
sufficiency of the treatment plant are 
important factors contributing to the 
reliability and the continuity of the puri- 
fication process. 


2. Sludge stabilization 





Figure 600. Barueri plant, Brazil. View of the digesters and a 5,000 m’ gas holder. 


2.1.4. Types and design of sludge 
digesters 


The two-stage Imhoff or Emscher 
tank is the oldest type of digester. It 
combines a primary settling tank in the 
upper part with an unheated digester in 
the lower part. This type of digester is 
best suited to small installations, but is 
hardly used any more today, mainly due 
to the spread of extended aeration proc- 
esses, which are less sensitive to temper- 
ature and more efficient in terms of pu- 
rification. 

Digestion systems operate at either 
high or medium rates. High-rate systems 
usually feature two stages: one which is 
vigorously mixed, the other only slightly 
mixed. However, the phases of the actual 
fermentation process are rarely separated 
(acid on the one hand, acetate and meth- 
ane producing on the other) in sludge 
digestion systems, mainly as a conse- 
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quence of the relatively long retention 
times required (refer to Page 319). 

The purpose of medium-rate digesters 
is to completely digest the sludge and 
then to partly thicken the digested sludge 
and separate the floating matter (scum) 
all in the same reactor. The mixing is 
therefore gentle and intermittent. The 
temperature is usually about 25°C. This 
type of digester is particularly well suited 
to medium size units and to fresh 
unthickened sludge. 

The purpose of high-rate digestion is 
to shorten the digestion time. Such digest- 
ers, where the sludge undergoes meso- 
philic digestion, feature at least one pri- 
mary reactor, where the sludge is 
vigorously mixed at a constant temper- 
ature of approximately 35°C. 





Poa 
th rate 
l-stage (35°C) 









Tea’ tO:-2 


PRIMARY SECONDARY 
DIGESTER DIGESTER 


The secondary reactor, where the 
sludge is mixed intermittently, serves sev- 
eral purposes: 


— to ensure complete methane fermenta- 
tion of particles that are retained only for 
a short time in the primary digester, 
which operates in the same fashion as a 
complete mixing reactor; 


— to separate and remove floating mate- 
rial; 
— to enhance sludge thickening, with re- 


moval of the so-called supernatant “water 
band’. 


High-rate digestion should be fed with 
previously thickened fresh sludge. 


The following table shows usual design 
data for sludge digesters. 


OM load 
in kg.m™.d™ 


Retention time 
in days 


30 to 40 












High rate 
2-stage (35°C) 


The design data for unheated digesters 
are more variable and depend chiefly on 
climate and operating conditions. Even in 
the temperate regions of western Europe, 
the digestion process is practically halted 
for between 3 and 6 months of the year. 
Digestion capacity under these conditions 
corresponds to a minimum retention time 
of 90 days. 


Zt0.3 | 





Retention time 
in days 








2.1.5. Design of sludge digesters 


2.1.5.1. Mixing mechanisms 


Gas mixing is an efficient technique 
that can be used with economical civil 


works. 


The gas is recirculated and injected into 
the mass of sludge under pressure. 
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Figure 601. The Achéres IV plant near Paris, France, operated by the S.I.A.A.P. ie 136 t.d" of di- 
gested sludge. Interior view of secondary digester. Diameter: 33 m. 


When the gas is injected into the centre 
of the base of digesters with suitable di- 
ameter/height ratios, a powerful “swirl” 
phenomenon is generated from the centre 
towards the edge. At least 0.8 m’/h.m’ 
must be extracted from the gas holder or 
the digester dome to produce swirl mix- 
ing. Degrémont has developed a series of 
standardized mixing devices fitted with 
injection pipes and special diffusers (see 
Figure 601). 

The location of the recycled gas injec- 
tion point varies according to the diame- 
ter and type of digester (high- or 
medium-rate). 


2.1.5.2. Heating systems 

The most reliable heating system uses 
external heat exchangers containing hot 
water that are inserted in the circuit 
where the sludge undergoing digestion 1s 
recirculated. Before entering the digester, 


the fresh sludge is mixed with the recircu- 
lated sludge in the process of being digest- 
ed. 

Shell-and-tube exchangers are recom- 
mended (see Figure 602) where the high 
recirculation velocities of the sludge (1 to 
e115 ) and the hot water (1.5 to 
2.5 ms”) allow the exchange coefficient 
to rise to 4300 kJ (ie, 1000 kcal)/ 
°C.m*.h. Spiral exchangers, ‘where the flow 
rate and the cross-section of the pipes are 
smaller, can also be used if a number of 
suitable precautions are taken. 

In addition to heating the fresh 
sludge, the heating systems must also 
compensate for the external heat 
losses. The transfer coefficients depend 
on the materials used and the physical 
location, e.g., highly undesirable effect 
of positioning the base of the digester 
below the water table. 


In temperate regions, external heat 
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losses of approximately 2100 to 2500 kJ 
(500 to 600 kcal)/m? day are permissible 
for units with a capacity of less than 
1000 m’, and 1250 kJ(300 kcal)/m?.day 
for capacities greater than 3000 m’. 

Digesters are usually thermally insulated 
by a double enclosure. The space between the 
walls is either left empty or is filled with 
insulating material, such as glass wool or 
expanded materials. Composite materials are 
used to make the vessels in major installa- 
tions. Concrete structures can be effectively 
replaced by suitably protected steel vessels. 

In high-velocity shell-and-tube ex- 
changers, hot water temperatures of 90°C 
are permissible, but the water must be no 
hotter than 60°C in low-velocity devices. 
Gas-fired boilers must be fitted with oil- or 
propane-fired standby burners, which are 
particularly useful when starting the sys- 
tem. 


2.1.5.3. Digester shape 


A well designed gas mixing system 


opens the way for wide digesters with only 
slightly inclined floors, which is important 
in systems of the high-rate variety. A large 
exposed surface enhances gas release and 
reduces the danger of frequent foaming, 
particularly when starting up vertical-type 
digesters. In any case, the routine mainte- 
nance operations of sludge digesters 
include regular drainage. The maximum 
lapse between maintenance visits is usu- 
ally 10 to 12 years. The grit and silt that 
accumulate in the bottom of the digester 
and substantially reduce capacity are then 
removed. These operations are made eas- 
ier by the manholes provided in the lower 
part of the units. The raw water should 
always be thoroughly degritted as a means 
of substantially slowing down the drop in 
digester capacity. 


The units are usually covered with a 
fixed dome. Floating roofs can also be 
used, but they require high investments 
and substantially more maintenance 
work. 





Figure 602. The Achéres plant near Paris, France, operated by the S.IA.A.P. Exchanger used to heat sludge 


in the digester. 
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1 - Fresh sludge inlet. 
2 - Primary digester. 
3 - Secondary digester. 
4 - Gas compressor. 
5 - Moisture traps. 

6 - Waste gas burner. 
7 - Gas holder. 





8 - To heating plant and blowers. 
9 - Sludge circulation pump. 

10 - Heat exchanger. 

11 - Hot water pump. 

12 - Boiler. 

13 - To final treatment. 

14 - To lagoons. 

15 - Overflow. 


Figure 603. Flow diagram of two-stage digestion with gas mixing. 


2.1.5.4. Overall organization 


Figure 603 illustrates the layout of a 
two-stage high-rate sludge digestion plant. 

The design of reactors in single-stage 
units with medium rate closely resembles 
that of the secondary reactor in a two- 
stage unit, but also includes a sludge 
heating system. 


2.1.5.5. Startup and operation of a di- 


gestion unit 
The overall rules outlined on Page 757 


of Chapter 12 for the control of single- 
reactor methane fermentation units can be 
applied. Nevertheless, the high viscosity of 
the suspensions means that the mixing 
process is particularly important. The sludge 
mass in the primary digester is continuously 
mixed whenever the concentration of SS in 
the digester reaches about 20 gl" 


The digester should be heated to 35°C 
as soon as it is started up. During the first 
few weeks, lime injections may be required 
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to maintain the pH of the sludge between 
6.8 and 7.2. As a general rule in units 
handling heavy loads, 8 kg of lime are 
injected per day and per 1000 inhabitants 
until the pH stabilizes at 6.8. 


Dag 
AEROBIC STABILIZATION 


2.2.1. Process and system design 


The process of aerobic stabilization is 
usually employed in open-air units. Either 
air diffusers of the Vibrair type or surface 
aerators of the Actirotor type are used. 
Surface aerators can give rise to the long- 


Foaming frequently occurs when the 
unit is started up. Risks of foaming can 
be considerably reduced by increasing load 
very gradually. 


term mechanical destruction of the bio- 
logical floc, which is then very difficult to 
dewater. Surface aerators are also subject 
to heavier heat losses. The injection of air 
can also be used to mix highly concen- 
trated sludges (more than 30 g.I’'). 
Aerobic stabilizers or digesters are 
made up of one or more cells. In the latter 
case, the cells are series mounted for a 
higher and more regular stabilization rate. 








Aerobic Anaerobic 
stabilization digestion 

Products CO, H20, NO; CHa, CO2, HO, NH," | 
Energy released in liquid 
medium per g of OM 20 kJ 0.8 kJ 
removed | 
Energy generated in gas 
form per g of OM - 20.9 kJ 
removed 
Rate of breakdown + - 
Final reduction of OM - Cg 
BODs of filtered -t i 
supernatant 30-50 mg.l 200-400 mg.! 
Resistance to inhibitors . : 
Long-term storability - 4 
Sludge filterability - 4 





2. Sludge stabilization 


As was mentioned on Page 305 of 
Chapter 4, the sludge mineralization rate 
depends mainly on retention time, temper- 
ature, and the age on the incoming sludge. 
In cold regions, aerobic stabilization is to 
be avoided, unless special precautions are 
taken — insulation and covering the reac- 
tor, heating, etc. In more moderate 
weather conditions, the reduction in OM 
content achieved by aerobic stabilization is 
substantially lower than that obtained 
with anaerobic digestion. The table on 
page 940 compares the salient features of 
the two processes. The following data (for 
a temperature of 20°C) can be used as an 
approximate design basis: 

— Retention time (in days): 
. medium-rate activated sludge with 
no preliminary settling: 12 to 18 
. primary sludge + sludge from trick- 
ling filters or + medium-rate activat- 
ed sludge: 15 to 20 





— OM load in kg.m® of stabilizer per 
day: 2 

— oxygen requirement in kg.d™ per kg of 
OM present in the stabilizer: 0.1 


In view of the high concentration of the 
liquor, the oxygen transfer coefficient is 
low in comparison with that of clear 
water. However, the requisite aeration 
power is usually determined by the mini- 
mum mixing conditions. Low-speed aer- 
ators with a vertical shaft usually require 
between 30 and 40 watts per m” volume, 
which is why oxygen is generally injected 
in a syncopated fashion. For the same rea- 
sons, the aeration power in blown air sys- 
tems often represents some 5t06 mh" 
of air per m° of the tank. These power 
levels apply to sludge concentration levels 
of about 15 gt". 


The shape of aerobic stabilizers must 





Figure 604. Aerobic stabilization. Mixing by Actirotor-type surface aerator fitted with skirts and sound- 


proofing cover. 
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facilitate hydraulic sweeping of the floor 
of the unit. Mechanical aerators must 
have a high pumping capacity. 


2.2.2. Operations 


The design and operation of aerobic 
stabilization units in major plants are 
made much easier if the sludge is previ- 
ously thickened. Stabilizer feed is more 
regular and the overall unit becomes eas- 
ier to automate. However, the required 
mixing power is higher. 


If the sludge is thickened and stabilized 
in the same enclosure, it is preferable to 
have two units operating alternately in the 
settling (with bottom and surface extrac- 
tions) and aeration phases (preceded by 
sludge feed). When there is only one tank, 
aeration by injection is preferable. Apart 
from the floating variety, mechanical aer- 
ators are only operational across a very 
narrow range of levels. After settling, the 
supernatant is often withdrawn at several 
levels. 


Stabilizers can also be used for storage 
purposes. The aeration process must be 
adapted to changes in level. The volume 
of the unit depends largely on the rate at 
which the stabilized sludge is withdrawn, 
which means that this solution is not suit- 
able for systems where sludge is directly 
used for agricultural purposes. Separate 
static storage tanks can then be used, but 
the lack of aeration means that it is diffi- 
cult to prevent renewed foul-smelling fer- 
mentation. The fermentation also impairs 
the sludge’s filterability. The situation is 
worsened if the stabilizer, located down- 
stream, also operates as a_ thickener, 
because the supernatant returning to the 


head of the plant may then be heavily 
laden. 


The pH of the stabilized sludge de- 
pends on the buffer power of the water 
and the length of the retention time. pH 
values of considerably less than 6 have 
been observed. This phenomenon is 
linked to the nitrification process. The 
drop in pH does not appear to inhibit 
bacterial activity, although the pH should 
be checked from time to time. 


During the first few weeks, or even 
months of operation, extensive foaming 
is a frequent occurrence. The generation 
of the particle-laden scum, which can 
reach depths of 20 to 30 cm, is due to a 
number of factors: nitrification-denitrifi- 
cation, insufficient degradation of pro- 
teinic or surface-active agents, concentra- 
tion of lipids, and presence of various 
fibrous bacteria. High sludge concentra- 
tion enhances the formation of very com 
pact scum. Even though the undesirable 
foaming should diminish as the plan: 
reaches stable operating conditions, ap 
outlet should be provided for regular 
withdrawal of the floating scum, whose 
concentration of DS can rise to more 
than 10%. 


2.2.3. Thermophilic aerobic stabili- 
zation 


(often called thermophilic aerobic diges- 


tion) 


This approach resembles the tech- 
niques employed in the composting of 
solid organic waste and uses the exother- 
mic nature of the oxidation reactions to 
increase the temperature inside the reac- 
tor. 


2. Sludge stabilization 


The rise in temperature increases the 
reaction rate and, if sufficiently high, can 
even partly free the sludge from patho- 
genic germs. Thermophilic aerobic stabili- 
zation systems work at temperatures be- 
tween 45 and 60°C. 


Special precautions must be taken to 
restrict heat losses so that the temperature 
in the reactor remains sufficiently high. 
The first step is to ensure that the concen- 
tration in OM of the fresh sludge 1 is as low 
as possible; 25 to 30 gl of VS corre- 
_ spond to an SS concentration of about 
35-40 gl". 


Another precaution is to minimize heat 
losses by evaporation related to agitation 
of the medium by the oxygenation and 
mixing system. It was initially thought 
that sufficiently high temperatures could 
only be achieved by using pure oxygen, 
which is highly dissolvable and incurs 
minimal gas losses. 


In specific submerged aerators (that 
combine injection of very small bubbles of 
air with mechanical mixing systems) with 
highly efficient air diffusion mechanisms 
and suitable insulation and/or covering, 
the temperature can reach levels condu- 
cive to thermophilic organisms with 
straightforward oxygenation by air. This 
arrangement is the most frequently used 
solution. 


It is difficult to precisely define the 
optimal volume for a thermophilic aero- 
bic digester. The following interactions, 
which are frequently conflicting, have to 
be integrated: 

— increasing the reactor volume causes 
the contact time to rise, but also results in 
increased heat losses by radiation and 
evaporation; 

- high temperatures speed up the reac- 


tion kinetics, but they also require greater 
aeration power due to the reduced solu- 
bility of the oxygen; 

— imcreased aeration power may enhance 
oxygenation, but it also results in greater 
heat losses. 


Aerobic stabilizers cannot withstand 
major fluctuations in load or, at the very 
least, their temperature is likely to change 
substantially according to load. Several 
units are required in plants handling sea- 
sonally variable loads, or in plants that 
operate for long periods with partial load. 


The rise in temperature AT in the reac- 
tor can be quickly estimated using the fol- 
lowing formulae: 


AT(’C) = 2.5ACOD (g.I") 

ot AT?’C) = 3.5 AOM (gt ') 

where AT is the difference in temperature 
between the stabilized sludge and the 
incoming sludge 

ACOD = COD removed in the reactor 
AOM = OM removed in the reactor. 


In temperate regions, the temperature 
in the reactor can reach about 50°C with a 
retention time of 4 to 6 days and 40% of 
OM can be removed in sludge with an 
initial DS concentration of 50 gl" 
(35 gt" of which is OM). The shorter the 
retention time, the greater the heat losses 
due to outgoing sludge, particularly in 
harsh climates where the sludge is colder. 
It is, however, feasible to heat up the raw 
sludge with the stabilized sludge in a 
countercurrent heat exchanger. 


Special measures should be taken in 
thermophilic aerobic digestion plants to 
limit foaming and the occasional release 
of foul smells. 
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The high DS concentration of the 
sludge in the reactor (up to 20 or 30%) 
means that the scum produced in the 
reactor is also highly concentrated. The 
scum can even form a compact layer 
floating on the liquid phase that may 
act as an insulator in open-air reactors. 
The generation of foul smelling vapours 
is related to the reactor temperature. 
The problem of odours is made worse if 
the introduction of raw sludge fluctu- 
ates over time and is further exac- 
erbated if the oxygenation capacity is 
limited. Closed units with aerators of 
ample dimensions are preferred, but 
the energy savings offered by thermo- 
philic aerobic stabilization over conven- 
tional aerobic stabilization are mini- 
mal. 


The bacteria count in sludge leaving 
a thermophilic aerobic stabilizer work- 
ing at 60°C is much lower than in 
sludge from a mesophilic anaerobic di- 
gester. Ascaris eggs are difficult to 
detect and there are generally no 
viruses. 








Posy 
CHEMICAL 
STABILIZATION 


Stabilizing sludge by aerobic or anaero- 
bic biological means requires major 
works. When minimal investment is a 
priority, the fermenting capacity of sludge 
can be reduced, at least temporarily, sim- 
ply by adding chemical agents in bacte- 


Since thermophilic aerobic digestion 
is particularly efficient in terms of, 
hygiene, it is frequently used for pas- 
teurization purposes (refer to Page 945). 
Thorough tests have demonstrated how 
a “thermophilic aerobic stabilization 
chain operating for one to two days at 
60°C, followed by mesophilic anaerobic 
digestion corresponding to 80% of the 
OM in the raw sludge” is the most reli- 
able way of producing and storing sludge 
that is to be spread on pastureland. This 
chain generally avoids the need for addi- 
tional heat for methane fermentation of 
the sludge. But the methane fermenta- 
tion system must still have its own sludge 
heating apparatus for emergency sit- 
uations and startup. Post-thickening of 
the sludge is also possible. 


Composting (refer to Page 1041) is 
another aerobic process that causes 
sludge temperature to rise. Composting 
is applied to solid products and can be 
used with dewatered sludge. Compost- 
ing stabilizes the sludge and is effective 
from the hygiene standpoint. 


riostatic dosages. The pathogenic germs 
are thus deactivated to a large extent. 
This technique does not affect the quan- 
tity of biodegradable OM in the sludge. If 
subsequent conditions so permit, the fer- 
mentation process may be resumed. Lime 
is the most widely used reagent, because it 
is cheap, offers the right alkalinity, and 
enhances the reinforcement of the sludge’s 
physical structure. Lime can be added to 
liquid sludge or to dewatered sludge and 


2. Sludge stabilization 


its effects differ substantially according to 
the conditions of use. 


There are two possible courses of action 
for liquid sludge: 


— injection upstream of the fresh sludge 
thickener to prevent fermentation. Dos- 
ages of Ca(OH): applied amount to 15% 
of the SS contained in the sludge, 


— stabilization of liquid sludge in prep- 
aration for use in agriculture. Adding 
Ca(OH)2 dosages amounting to 10% of 
‘the SS content to small sludge samples 
and mixing intimately can increase the 
pH to 12 after two hours, and the fecal 
coliform count is reduced by between 10° 
and 10°. But the pH changes very 
quickly, and dosages of more than 30% 
should be used to prevent fermentation 
from resuming in the following fortnight. 


Fresh sludge treated with lime cannot 
be stored for very long. Recarbonation 
and the high water content encourage re- 
newed fermentation, which can only be 
halted by applying more lime. 


Stabilization by lime is more durable 
on dewatered sludge, particularly when 
the water content is low. However, the 
intimate mixing of sludge and lime is 
more difficult and requires more powerful 


mixing machinery. By using quick lime, 
it is possible to benefit from the exother- 
mic lime hydration reaction, in view of 
the low water content of the sludge. The 
effects on both the reactivity of the lime 
and the disinfecting action of the process 
are positive. Indicator germ counts may 
drop by 10° to 10’ and salmonella may 
virtually disappear. CaO doses correspond 
to between 30 and 40% of the DS content 
of the cake. 


If the dewatered sludge is cohesive 
enough to begin with (about 25% of DS 
for MWW sludge), then the chemical sta- 
bilization process is followed by a physical 
“stabilization”, which makes the sludge 
cake more suitable for use as filling or 
covering material. 


Dewatered sludge treated with lime 
can be stored for months at a time. But 
the massive introduction of lime affects 
the way the sludge drains when used for 
agricultural purposes. Although the 
sludge may drain quite easily on acidic 
soil, chemical stabilization causes a num- 
ber of problems in agricultural applica- 
tions: 

— slow OM change in the soil; 


— sequestering of fertilizer elements, 
which become less accessible; 


— loss of nitrogen due to lime treatment. 





2.4. 
PASTEURIZATION 


Strictly speaking, pasteurization is not 
a stabilization process, but aims at mak- 


ing the sludge aseptic. By way of example, 
the use of sludge on pastureland requires 
the total deactivation of all pathogenic 
agents. 


One criterion of pasteurization is the 
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absence of Enterobacter in a 10-gramme 
sample. This condition can be achieved 
by heating all the particles in the sludge 
suspension to 70°C for 30 minutes. One 
drawback of sludge pasteurization sys- 
tems is that the product is subject to 
recontamination in the pipes and works 
downstream of the pasteurization unit. 

For this reason, positioning the pas- 
teurization at the very end of the treat- 
ment line after the stabilization stage is 
not recommended. Instead, the pasteur- 
ization unit feeds an anaerobic digester, 
which also acts as a sludge storage ves- 
sel. Whenever the flow rate of treatment 
input is sufficiently large, continuously 
Operating pasteurization units with 
strict sludge flow control are preferred to 
alternating systems that work by tank- 


load. 


Figure 605 shows a simplified flow 
chart of a continuous pasteurization 
unit. Rather than using a water-based 
cooling system, where the water is sub- 
sequently lost, the pasteurized sludge is 
cooled in the countercurrent heat ex- 
changer, located upstream of the pas- 
teurization unit, that preheats the raw 
sludge. The heat balance of the process 
is thus improved. 


Additional heat can be supplied by 
an independent boiler and a sludge- 
water heat exchanger, or even by a gas 
burner submerged in the sludge. 


A thermophilic aerobic digester that 
is fed with sludge pre-thickened to DS 
concentrations greater than 50 gl’ can 
also act as a pasteurization unit up- 
stream of anaerobic digesters (p. 942). 





1 - Screening. 
2 - Thickener. 
3 - Comminutor. 


Sa - Boilers. 


4 - Sludge pump. 


5b - Sludge heater. 


6 - Pasteurization unit. 
7 - Sludge cooler. 
8 - Cooling water. 


Figure 605. Simplified flow chart of continuous pasteurization unit. 
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SLUDGE TREATMENT 


Dewatering processes (mechanical 
and sometimes natural), result in sludge 
having a more or less solid physical consis- 
tency. The texture and moisture content 
of obtained sediment must comply with 
the demands of the final destination cho- 
sen (see page 918). 

Most organic or hydrophilic mineral 
sludges (hydroxide sludge, for example), 
must undergo specific preliminary treat- 
ment called conditioning. This process 
prepares sludge for efficient operation of 
the different mechanical dewatering de- 
vices. 

The degree of dewatering depends 
mainly on three key parameters: the type 
of sludge to be treated (see page 123), the 
conditioning process and the mechanical 
energies used. 

Once conditioning has been success- 
fully completed, dewatered sludge is then 
ready to undergo several different types of 
treatment including: 


— improvement in texture and reduc- 
tion of moisture levels using various 
additives (quick lime, for example, or 
sawdust or wood chips in composting 
procedures), 

- highly efficient thermal drying for 
easier disposal: agriculture, soil improve- 
ment and even incineration in household 
refuse furnaces, 

- and finally, incineration in adapted 
furnaces with the aim of keeping external 
energy consumption to a strict minimum, 
In this case, it is necessary to obtain 
sludge sediments having near-sponta- 
neous combustion properties and improve 
thermal efficiency of furnaces. This in 
turn leads to maximum recovery of com- 
bustion smoke enthalpy by heat exchange 
methods: heating of combustion air and 
production of steam or hot water and if 
required, setting up of preliminary ther- 
mal drying of sediments prior to injection 
in the furnace. 
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1. SLUDGE CONDITIONING 


To ensure that all dewatering equip- 
ment is optimally used, sludge has to be 
flocculated in order to “break” colloidal 
stability and artificially increase the size of 
particles. Although conditioning may be 
based on physical procedures (mainly 
thermal), chemical alternatives are more 
widely used (addition of inorganic re- 
agents or synthetic polymer). 

Among the different processes available 
(see figure 606), thermal conditioning 1s 
by far the most efficient for reducing par- 
ticulate hydrophily. Chemical flocculation 


lads 
CHEMICAL 
CONDITIONING 


Each chemical reagent used has its own 
efficiency rate in the size of flocs formed. 
For example, inorganic reagents produce 
granular flocs, while those produced by 
polyelectrolytes are much more volumi- 
nous. 


1.1.1. Inorganic reagents 


Inorganic reagents are better adapted 
for dewatering by filter presses or vacuum 
filters. These are systems using surface fil- 
tration through a cake undergoing forma- 
tion. The filtering support consists of a 
finely meshed cloth (usually less than 
100-200 um). These inorganic reagents 
lead to the formation of fine, but me- 
chanically stable flocs. 

A large number of polyvalent cationic 
inorganic electrolytes could be used, but 


with inorganic electrolytes (especially me- 
tallic salts and lime) also reduces the ratio 
of bound water, but considerably less so. 
Polyelectrolytes, on the other hand, pro- 
voke no reduction in the ratio at all and 
may even contribute to its increase. In 
short, the type of conditioning used will 
have a direct influence on the moisture 
content of sediment obtained (see ther- 
mogravimetric analysis on page 125). 

Adequate sludge conditioning is 
the key factor for optimum operation 
of the dewatering unit. 


for reasons of cost-containment and effi- 
ciency, metallic salts such as ferric chlo- 
ride, chlorinated copperas, ferric sulphate. 
ferrous sulphate and to a lesser extent, al- 
uminium salts are more frequently used. 

Fe”* is by far the most effective and 
most frequently used ion on organic 
sludge (biological treatment of IWW and 
MWW). The choice between FeCl; and 
FeClSOx is generally made for economic 
reasons. 


These electrolytes have a dual action: 
— coagulating action: their charge is often 
opposite to that of sludge particles, 
- flocculating action: formation of 
hydrated hydroxide compounds such as 
{Fe(H2O)«¢.(OH)3]},, which act as inorgan- 
ic polymers. 


Introducing lime after injection of 
electrolyte considerably enhances _filter- 
ability: 

- pH>10, which corresponds to an effec- 
tive flocculation pH level, 


1. Sludge conditioning 
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Figure 606. The influence of conditioning on the DS content of dewatered sludge (thermogravimectric analysis). 


— reduction in the ratio of bound water 
(production of a drier, more consistent 


cake), 


— precipitation of a certain number of or- 
ganic and inorganic calcium-based salts 
which are favourable to filtration, 

— input of a dense inorganic additive for 
destabilisation of the colloidal structure. 


With organic sludges, the dual dose of 


iron salt/lime is often mandatory. On the 
other hand, with hydrophilic hydroxide 
sludges, simple addition of lime is gener- 
ally sufficient for improving the fil- 
terability of sludge. 

Dosages of inorganic reagents depend 
both on the nature of the sludge to be fil- 
tered, as well as the yield required. As a 
first step before the filter press stage, dos- 
ages can be estimated as follows: 
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Type of sludge 









Clarification (Fe hydroxides) 


IWW (mixture of physical-chemical 
and biological sludges) 








Carbonate = 
Surface treatment = 


according to proportion 





FeCl, %* Ca(OH)2% * 
















0-5 









* Percentages expressed in relation to suspended solids. 


For optimum use of filters, overdosing 
is of little use as it barely improves results. 
On the other hand, minimum dosages 
must be applied in order to achieve suffi- 
cient filterability (page 966): 


— specific resistance for a vacuum filter 
tos = 2 to5 x 10" mkg" 
- for a plate-and-frame filter press 
tos = 5 to 15 x 10" mkg" 
By using simple laboratory tests (see 
pages 372 and 375 — to and CST test), it 


is possible to determine the correct dos- 
ages for each type of filter. 


The presence of mineral fibres or dense 
substances in sludge, generally results in 
lower reagent doses. A strong proportion 
of protide organic matter, however, has 
the reverse effect. 


The addition of reagents increases the 
quantity of matter to be filtered. This is 
because a high proportion of added chem- 
ical agents remains in solid form in the 
dewatered sludge after precipitation of 
metallic hydroxides, CaCO; and calcium 
salts. It is therefore important to size fil- 
tration systems accordingly: 

- 60 to 70% of the weight of added 
FeCl; remains in the cake, 

- 80 to 90% of the weight of added 
Ca(OH), also remains in a solid form. 

Equally, a certain part of the reagents 
transform into solution in the form of Clr 
or Ca™ and are found in the filtrate. 


e Using inorganic reagents 

An excellent mix of reagents with 
sludge must be achieved. Addition of 
dilution water (for concentrated solution 
of FeCl) and the utilisation of milk of 


1. Sludge conditioning 


lime at a dosage of 50-80 gl’, facilitate 
distribution of reagents within the mass. 

Flocculation of sludge is carried out in 
stirring tanks in series (the first for metallic 
salt, the second for lime). Figure 607 illus- 
trates the filtration configuration. Sludge 
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remains in the tanks for 5 to 10 minutes 
which is sufficient for floc development. 
Stirring energy requirements are quite high 
(150-300 W.m™), but not excessively so. 
Additional time for floc ripening is 
often helpful. On the other hand, if the 
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Figure 607. Diagram showing the pressure filtration process: hydrophilic organic sludge. 
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sludge stays in a stirring environment for 
too long, effects impair the filterability of 
conditioned sludge. Prolonged storage of 
conditioned sludge prior to filtration 
(sometimes useful for large treatment 
plants) can also have a negative effect 
especially on fresh, insufficiently limed 
municipal sludges which are vulnerable to 
on-going development. 

The transfer of flocculated sludge must 
not give rise to floc destruction. Centrifu- 
gal pumps should be avoided for the same 
reason. 











For small and mid-size purification 
facilities and certain qualities of sludge, 
in-line flocculation with fast, well- 
designed mixing equipment is perfectly 
feasible. Using the conditioning process 
(see figure 609) is easier, but dosages are 
slightly higher. 

The conditioning unit can be fully 
automated with automatic control of re- 
agents in relation to flow rates and if 
required, to sludge concentration also. 
With specially-adapted sensors, it is also 
possible to control the filterability of 


Figure 608. Achéres IV facility, Paris area, France, for che $.1.A.A.P. Capacity: 300 td" of dry solids. Unit 


specialised in the chemical conditioning of sludge. 





1 - Raw sludge. 

2 - Milk of lime. 

3 - FeCl, 

4 — MSC mixer. 

5 - Intermediate tank. 
6 - Filter press. 





Figure 609. Simplified conditioning with an MSC type (static cyclonic) mixer for small-scale organic sludge treatment. 





sludges (automated capillary sensor) as 
well as the specific gravity of milk of lime 
(photometric sensor, for example). 


1.1.2. Polyelectrolytes 


Natural polymers such as_ starches, 
polysaccharides and alginates, have been 
little used in sludge conditioning owing to 
mediocre flocculation results. Polyelectro- 
lytes, on the other hand, are much more 
efficient as they form voluminous flocs, 
several millimetres in size, and are easily 
~ identifiable in clarified interstitial water. 


Polyelectrolytes produce: 

- extremely well-defined flocculation by 
formation of bridges between particles as 
a result of long branched chains. Floccula- 
tion is reinforced by a coagulating action 
when cationic polymers are used (see fig- 
ure 611). 

— considerable reduction in the specific 
resistance of sludge as free, released inter- 
stitial water is quickly drained. On the 
other hand, flocs which are often porous 
and relatively hydrophilic, frequently 
cause an increase in the sludge compress- 
ibility coefficient. 


The structure of floc obtained has en- 
abled: 
— the development of filters incorporating 
a large-mesh cloth support (0.4 to 1 mm) 
which is less likely to become clogged. An 
example is the Superpressdeg belt filter 
which has been specially engineered for 
sludge dewatering operations, 
— the development of draining systems 
for fast, efficient sludge thickening: GDE, 
rotary filtering drums, T-Deg-type drain- 
ing tables, 
— significant improvement in the per- 
formance of continuous centrifuges (yield 
and more especially clarification) owing to 


1. Sludge conditioning 





Figure 610. Digested MWW sludge floc (with 
polyelectrolytes). Scale 1. 


a distinct increase in the density of gath- 
ered particles. 


A wide variety of polyelectrolytes is 
available. As a general rule, it is advisable 
to perform simple flocculation, draining 
and pressing tests to identify the best- 
adapted product. These tests make it pos- 
sible to: 

- choose the most economical polymer, 
— aim for optimally defined floc, 

— judge the mechanical resistance of floc 
(important for centrifuging processes), 

— assess efficient draining characteristics 
of the flocculated sludge (important for 
belt filters and draining systems), 

— test compression capacities of the 
drained floc; estimation of the likelihood 
of squeezing out under pressure and the 
adhesion of pressed floc to the filter cloth. 


The final choice of the product is usu- 
ally made after laboratory testing followed 
by full-scale trials using the preselected 
products. 
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Perecle Polyelectrolyte 


A: Action of an anionic polyelectrolyte : 
bridges 





Figure 611. Polyelectrolyte action on sludge. 


Cationic polyelectrolytes are especially 
efficient in the conditioning of sludges 
having a high content of colloidal organic 
matter (OM/SS greater than 40% in gen- 
eral), or presenting a high cellulosic fibre 
content. 


Anhydrous, cationic 
polyelectrolyte 
kg/tonne SS 


Type of sludge 


Primary MWW 


Fresh mixed MWW 


Digested mixed MWW 
Extended aeration MWW 
AFI biological IWW 
Fibrous, paper-mill IWW 





Polyelectrolytes of average molecular 
weight are better adapted to belt filters 
(easier draining capacities). Those with 
high molecular weights giving rise to 
voluminous, dense floc with a high resist- 
ance level, are more suitable for cen- 
trifuging processes. 


Anionic polyelectrolytes are widely 
used in sludge-based suspensions of an 


Neutralizing of charges 


Bridges 


B: Action of a cationic polyelectrolyte : 
bridge and coagulation action 


inorganic nature (dense hydrophobic 
sludge, metallic hydroxide sludge). The 
dosages used with these polymers are 
often lower, around 0.3 to 2 kg/tonne SS. 

For a mixture of organic sludge (bio- 
logical, for example) and inorganic sludge 
(hydroxide), the ionicity of the poly- 
electrolyte may vary depending on the 
concomitant ratio of the sludges. The 
combination of the separately injected 
anionic and cationic polyelectrolytes 
allows, for certain sludges, reduction of 
global conditioning costs or achievement 
of more efficient flocculation. 

For some applications (filter press 
dewatering, for example), the polyelectro- 
lyte can be combined with a metallic salt. 
For example, precoagulation with ferric 
salt, and then, formation of a less hydro- 
philic floc with assistance using the poly- 
electrolyte. 


e Using polyelectrolytes 

For sludge treatment, polyelectrolytes 
are often delivered in powder-form, espe- 
cially for mid-size or large treatment 
plants. 


I. Sludge conditioning 











Figure 612. Facility in Lisbon, Portugal. Semi-automatic preparation of polyelectrolyte for use on belt fil- __957 
ters. 
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Figure 613. Diagram showing example of automatic preparation of polyelectrolyte. 
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For smaller facilities, polyelectrolytes 
are easier to handle in viscous form. The 
variety of powder-based products avail- 
able is very wide. This is a considerable 
advantage since sludges are of diverse 
qualities. Chapter 20, par. 6.1, presents 
the different types of preparation and dis- 
tribution configurations. 


The stock solution (4 to 6 gl") is gen- 
erally diluted before introduction into the 
sludge, but there are no hard and fast 
rules regarding this procedure. The whole 
process depends on the respective viscos- 
ities of the sludge and polyelectrolyte solu- 
tion. Sludge-polyelectrolyte mixing is car- 
ried out very easily as flocculation is 
almost immediate. On the other hand, 
flocs are often fragile: 

— for continuous centrifuges, polyelectro- 
lyte is injected directly into the sludge 
pipe at the input of the device. No floccu- 


Digested 
sludge storage 
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mixer 


H.P. sludge 


Sludge 
transfer pump 
FeCl, 


metering pump 
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pump 


mixing unit 


Conditioned sludge 


Storage of FeCl, 
conditioned sludge 


Sludge + FeCl, 
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lator is used. The energy produced in the 
centrifuge is sufficient, 


- for belt filters, injection is carried out 
in a small stirring tank positioned after 
the system’s draining area. Flocculation 
time is very short; generally less than one 
minute, 


— for the GDE and simplified belt filters, 
flocculation can take place by injection of 
polyelectrolyte through a pipe in an MSC- 
type static cyclonic mixer, 


— for filter presses, injection modalities 
are more complex. As output from a filter 
press is not constant throughout a cycle, 
two operation modes can be used: 


- flocculation in a tank prior to pump- 
ing and then sending of flocculated 
sludge to the filter. This operation 
mode frequently results in failure 
(except on fibrous sludges) as the floc is 
partially destroyed during pumping. 
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Figure 614. Plant in Tours, Central France. Flow sheet of sludge treatment with filter press and poly- 


electrolyte conditioning. 


1. Sludge conditioning 


- flocculation after the filter feed pump 
(see figure 614): in this case, it is best 
to calculate the proportion of polymer 
flow to that of the highly variable 
sludge flow. This implies using two 
high-pressure pumps with identical 
characteristics (or a metering pump 
connected to the sludge pump). 

This method means that the floc is not 
destroyed before entry to the filter. The 
injection of polyelectrolyte is carried 
out through a pressurised pipe and an 
adapted mixing system. This process is 
undoubtedly the safest available but 
has a major drawback in that cakes are 
often too sticky and difficult to release 
from the press. Furthermore, signif- 
icant variations in sludge concentration 
are a distinct disadvantage to this 


La. 
THERMAL 
CONDITIONING 


The bond between water and colloidal 
matter can also be broken by thermal 
methods and especially by raising the 
temperature of sludge. The idea of heat- 
ing sludge to enhance its filterability, 
dates back to the beginning of the twen- 
tieth century. Industrial reliability of the 
process, however, was underscored during 
the mid-seventies. Other thermal condi- 
tioning processes have since been devel- 
oped. 

The increase to a sufficiently high tem- 
perature results in the physical structure 
of the sludge being irreversibly trans- 
formed, especially if it contains a high 
proportion of organic and colloidal mat- 
ter. 


method. There is, however, the possibil- 

ity of using solids flux rate mea- 

surement sensors. But these too, present 
the inherent problems of sensors mea- 
suring high levels of suspended solids. 

The reliability of polyelectrolytes in fil- 
ter press processes almost always requires 
full-scale confirmation testing. 

The main characteristic of a floc 
obtained by adding a polyelectrolyte is its 
potentially high fragility. When setting 
up any dewatering process with this re- 
agent, it is best to avoid tanks with high 
stirring rates, long flocculation times and 
pumping processes that destroy previously 
flocculated sludge. As a precaution, injec- 
tion points are located immediately before 
the drainage system and short, efficient 
mixing is performed. 


Heating takes place at a temperature 
varying from 150 to 200°C with a heating 
time from 30 to 60 minutes depending 
on the type of sludge and desired degree 
of filterability. 


During heating, the colloidal gels are 
destroyed and particulate hydrophily 
regresses. The specific gravity of particles 
is significantly greater. Two processes take 
place simultaneously: 

— certain types of suspended solids are 
solubilised (starch hydrolysis with the for- 
mation of sugar), ammonification of or- 
ganic nitrogen, 

— precipitation of some types matter in 
solution. 


Cellulose is only slightly decomposed 
and fats remain relatively stable. 

Depending on the type of sludge, heat- 
ing solubilises 20 to 40% of organic mat- 
ter and leads to the production of intersti- 
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tial liquors presenting BODs of 3,000 to 
6,000 mg.I~ (COD/BODs ratio of about 
2.5). The highest values are obtained with 
the heating of fresh sludge. This solu- 
bilisation increases with temperature and 
heating time. 

The amount of nitrogen present in. the 
liquid phase is relatively high (0.5 to 
1.5 gl” in NH®), but phosphorus, as well 
as metals, remains precipitated in the 
sludge. 


1.2.1. Advantages of thermal condi- 
tioning 

Opting for this form of conditioning, 
which involves higher investment costs, 
can be explained by: 
- global application on all predom- 
inantly organic sludges, 
— consistent performance regardless of 
the quality and concentration of sludge. 
Temperature adjustment is sufficient, 
- fast, effective thickening after heat- 
ing: settled sludge rates of more than 
120 gSS.I' or even 200 gl’ may be 
achieved, 
— improvement in sludge structure 
resulting in that filtration without the 
addition of reagents (filter press or vac- 
uum filter) is always possible. Temper- 
ature influence is a key factor in the fil- 
terability, as the heating time adopted for 
industrial facilities, generally longer than 
half an hour, is perfectly adequate. (fig- 
ure 615). The temperature should be suf- 
ficiently high so as to yield effective fil- 
tration. Care should be taken, however, to 
keep heat at the right level in order to 
avoid overconsumption of energy, high 
concentrations of thickened sludge and 
thermal liquors (overflow of heated sludge 
thickener and filtrate) with high COD 
loads, 
- very dry cakes produced by the filter 


press (generally more than 50% of dry sol- 
ids. This is significantly higher than rates 
obtained by chemical conditioning), 

— production of sterilised dewatered 
sludges, with no addition of reagents; 
these can be reintroduced into the ground 
without any problem, 

— optimum reuse of biogas; the com- 
bination of anaerobic digestion and ther- 
mal conditioning is one of the most 
attractive methods currently available. It 
allows better handling of energy produc- 
tion and consumption. 


1.2.2. Constraints of use 


The efficiency of thermal conditioning 
does, however, have some constraints: 
e Recycling of thermal liquors 

The organic pollution linked to these 
thermal liquors is easily biodegradable and 
its impact on the smooth running of the 
water treatment plant is reduced insofar as 
recycling is continuous. This can be 
obtained in large purification plants. BODs 
overload is around 10 to 25% (pollution is, 
for the most part, soluble and rich in nitro- 
gen). It is therefore advisable to account for 
this factor when sizing aeration tanks, 





Figure 615. Relative influence of heating time and 
temperature on sludge filterability. 


1. Sludge conditioning 


Separate treatment of these concen- 
trated effluents by anaerobic methods 
enables a reduction in COD linked to 
the recycled polluting load. Reduction 
rates are in the region of 55 to 70% 
with production of reusable biogas 
(about 0.4 Nm°*/kg of COD destroyed. 

“Solids contact” type digesters (2 to 
3 kg COD/m’*.d) or “sludge blanket” di- 
gesters (3 to 6 kg COD/m’.d) are most 
frequently used. Attached growth reac- 
tors can also be used. 


_e Production of odours 

The most appropriate means for pre- 
venting odours are the following: covering 
of thickeners and storage tanks, final cool- 
ing of heated sludge (especially by simul- 
taneous preliminary heating of sludge for 
digestion or where digestion is already un- 
derway), limitation or even elimination of 
blowdowns from thermal reactors. Local 
constraints frequently impose deodorisa- 
tion of sucked air from the main enclo- 
sures: heating, thickening and dewatering. 


e Periodic cleaning of exchange 
surfaces 

(Particularly prohibiting the use of the 
process on IWW sludges which are too 
rich in calcium.) 


e Relatively costly investment 
Hot pressurised circuits at 15 to 
25 bar. 


1.2.3. The sludge heating procedure 


Figure 616 illustrates the most fre- 
quently used operating procedures. In all 
cases, every effort is made to recover as 
much heat as possible from the heated 
sludge for preliminary heating of the 
incoming matter. This means that the 
additional amount of external heat 


actually required corresponds to 25-40°C. 
Recovery usually takes place in counter- 
current shell-and-tube exchangers. It is 
always best to have a separate reactor 
ensuring minimum heating times at a 
controllable temperature. 


Heat is provided: 

— either by direct injection of live steam 
into the reactor (Cotherma system with a 
sludge/sludge exchanger or Cotherma-B 
system with two sludge/water ex- 
changers), 

— or by indirect heat exchange with a 
non-vaporising heat transfer fluid such as 
oil. The Cothermol system is engineered 
for this procedure. Additional live steam 
in the reactor allows better spacing of ex- 
changer descaling procedures. 


Although it is not the most economical 
solution, injection of live steam into the 
reactor has the advantage of optimising 
the heating temperature however clogged 
the exchangers/tube preheaters may be. 


Indirect exchange with a heat transfer 
fluid requires additional precautions if 
there is no back-up security by live steam 
injection: for example, extreme rise in 
temperature of the heat transfer fluid in 
relation to normal operating conditions; 
fast, easy cleaning conditions of internal 
tubes. 


The reliability of technologies used is 
based on the following principles: 
— using this form of conditioning in rela- 
tively large plants equipped to provide 
trains with a flow rate of between 20 and 
50 m’h™. It is therefore possible to 
ensure continuous discharge of sludge by 
avoiding destructive cavitation, and con- 
struct exchangers with a large, specially 
shaped section area (cleaning possible 
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with a water nozzle set at 100 bar, requir- 
ing just a few days of downtime), 

- preferential treatment of digested 
sludges allowing easy implementation of 
sludge/sludge exchangers. In cases where 
sludge contains a certain proportion of 
non- or poorly-stabilised heterogeneous 
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matter, it is best to recover heat from 
heated sludge by an intermediary fluid 
such as water. Grit should also be 
removed from sludge to preclude prema- 
ture wearing of material. Furthermore, 
stainless steel is worth using to prevent 
certain types of corrosion. 
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Figure 616. Standard systems for thermal conditioning of sludge. 
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Figure 617. Achéres IV facility, Paris area, France, for 


sludge with 7 trains each with a capacity of 40 m’.h". 


Necessary gross heat consumption 
(fuel) varies according to the flow sheets 
and scaling condition of exchangers. With 
carefully monitored utilisation and suffi- 
cient exchange surface area, energy con- 
sumption falls within the following range: 
— direct injection of live steam: 50 to 
80 th.m” of sludge, 

— indirect supply by heat transfer fluid: 
35 to 60 th.m” of sludge. 


Note: heat recovery is also possible by 
stepped pressure release. This solution, 
which seeks to avoid the use of shell-and- 
tube exchangers, imposes successive high- 
pressure, high-temperature pumping of 
sludge for conditioning. 


1.2.4. Wet oxidation of sludge 


Originally, this procedure consisted of 
heating sludge in the presence of air in 


high-pressure conditions (up to 200 bar 
or more). The idea was to provoke 
advanced oxidation of organic matter 
simultaneously with the physical trans- 
formation of colloidal matter. This proce- 
dure required the use of complex tech- 
nology. 


An alternative uses the deep well 
technique according to methods used for 
oil drilling (depth: 1,500 m). 


The only pumping energy required cor- 
responds to the head loss in the wells. The 
high temperatures reached are due to 
temperatures found at great depth and 
the exothermal character of reaction. Ox- 
ygen injection is preferred to air injection. 


The following results are those achieved 
on biological sludge from oxidised IWW: 
— SS reduction: 70 to 80% 

— VS reduction: > 95% 
- COD reduction: 75 to 80% 


the §..A.A.P. Thermal conditioning of digested 
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The following are extracted from deep 
wells: 
- gas (especially CO and a few hydrocar- 
bons), 
— oxidised sludge where SS are easily fil- 
tered or centrifuged (DS content of resi- 
due from 40 to 70%). The clarified ther- 
mal liquors can be treated by methane 
fermentation. 


iS. 
OTHER CONDITIONING 
METHODS 


There are other conditioning processes 
whose applications are rare either because 
of the high investment or operating costs 
involved, or because of their low or incon- 
sistent efficacy. 


1.3.1. Freezing 


The quantity of water bound with dry 
solids in sludge can be efficiently reduced 
and particles grouped in consequence by 
total solidification of sludge through 
freezing for a suitable length of time. This 
grouping remains stable after melting of 
ice and the filterability of sludge is greatly 
improved. Freezing is carried out at tem- 
peratures of around - 10 to - 20°C and 
for a duration of 1 to 4 hours. 

Up until now, freezing-defrosting 
(most widely known freon-glycol system) 
was mainly applied to predominantly 
inorganic sludge which is difficult to 
dewater. This is the case for aluminium 
hydroxide sludge from the production of 
drinking water or the preparation of in- 
dustrial water. This conditioning which 
remains costly energy-wise, is often associ- 


This procedure of advanced oxidation 
of organic matter in a liquid environment 
has been applied to very few industrial 
processes (due to low yield, drilling costs, 
inevitable corrosion of well foundations). 
Nevertheless, this can be an attractive 
solution for treating small quantities of 
IWW presenting high concentrations of 
organic pollution. 


ated with high-performance vacuum fil- 
tration (DS content higher than 30%). 


1.3.2. Conditioning using additives 


The addition of generally inert dry sol- 
ids improves the cohesion of sludge, dis- 
perses colloidal matter and contributes to 
enhancing filterability. The compressibil- 
ity coefficient s is also greatly improved. 


During conditioning of liquid sludge, 
this inorganic additive (CaCO3, gypsum, 
fly ash, coal, etc) enables reduction in the 
dosages of reagents used, but does not 
replace them altogether. The main effect 
required is the improvement in cake tex- 
ture, either for easier handling, or for en- 
abling optimum use of dewatering de- 
vices; for example, the addition of 
carbonates to biological sludge or adding 
sawdust or fibrous matter to oily sludge 
before belt filtering processes. 


It is always worth combining dewater- 
ing of difficult sludge (hydroxide, biolog- 
ical) with dense inorganic sludge (lime 
softening, gas scrubbing, calcium sul- 
phate, sludge from the paper industry, 
etc.). 


To reach maximum efficiency, the 
introduction of additives should be 
around 20 to 40% of initial sludge SS lev- 
el. 


1. Sludge conditioning 


Introducing additives into predewa- 
tered cakes can achieve: 
— increase in DS prior to discharge or re- 
use (addition of CaO or sawdust, for ex- 
ample), 
— reduction in the compressibility coeffi- 
cient of sludge before a second dewatering 
stage: for example, addition of fly ash to a 
belt filter cake before transfer to a high- 
pressure filter calibrated at 10 or even 40 
bar. 


1.3.3. Electro-acoustic conditioning 


This process adds to the efficacy of 
chemical conditioning rather than being a 
full conditioning process. 

It ensures synergism between: 

— electro-osmosis which moves water out- 
side the capillaries towards the surface, 

— and ultrasounds which orient particles 
to their most stable position for easier 
drainage through the cake. 

Electro-acoustic conditioning may be 
adapted to dewatering in filter presses and 
belt filters. Laboratory testing demon- 
strates that DS levels are greater than 10 
points. This process, however, is undoubt- 
edly costly to implement on an industrial 
scale. 


1.3.4. Conditioning by solvents or oils 


The mixture of sludge with solvents or 
oils allows, under certain temperature 


conditions, easier mechanical separation 
of dry solids while still maintaining the 
possibility of recovering a high percentage 
of the solvent. Reliability of the method 
remains to be confirmed. 

Certain other chemical products can 
also improve the degree of dewatering: 
formol, glyoxal, hydrophobic amines, but 
the gain in DS content is somewhat ran- 
dom and utilisation costs remain high. 


1.3.5. Solidification agents 


Treatments involving these reagents 
cannot be considered as a complete condi- 
tioning process. They are applied to liquid 
sludge but are not followed by mechanical 
dewatering. 

A range of reagents are used alone or in 
various combinations: Portland cement, 
slag cement, sodium silicate, plaster, fly 
ash, slag, organic resins, etc. These pro- 
voke total solidification of the liquid 
sludge to be treated. 

Depending on the dosages, a consistent, 
shovellable or perfectly solid state can be 
obtained. Discharge is easy and most of 
the contained metals can be removed by 
chemical means. The constraints of the 
method are, however, enormous: no 
reduction in the liquid volume of sludge, 
large dosages required (15 to 35% of the 
weight of the liquid sludge), uncertain 
long-term stability. 

Because of the drawbacks involved, 
these costly processes are used solely in 
plants specialised in the treatment of toxic 
sludge. 
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2. DEWATERING OF SLUDGE BY FILTRATION 





Jaga 
MATHEMATICAL 
REPRESENTATION 


OF FILTERABILITY 
(See page 178 and page 372) 


Filtration is by far the most widely 
used method in the treatment of sludge 
produced by wastewater treatment. Fil- 
tration can consist solely of drainage 
through sand beds or it may be “mechani- 
cal” under vacuum, mid- or high-pressure 
conditions which require more sophisti- 
cated equipment. 

Despite the diversity and highly com- 
plex mixture making up sludge suspen- 
sions, their filterability can be represented 
by a set of mathematical laws. 


2.1.1. Specific resistance to filtration r 


Specific resistance r is defined as the re- 
sistance to filtration (or passage of the fil- 
trate) of a quantity of cake deposited on 
1 m’ of filtering surface area and contain- 
ing 1 kg of dry product. 

Based on general laws covering surface 
filtration, several assumptions can be 
made: 

— resistance of the filtering material (Rm) 
is negligible as compared to the specific 
resistance r of the cake (except in the 
event of clogging up or very tightly 
meshed material), 

— replacement of W, weight of suspended 
solids deposited per unit of filtrate vol- 
ume, by C, concentration of suspended 


solids of sludge-laden liquid (except for 
very dense suspensions). 
The simplified formula of r gives: 


Tar at 
r= in m.kg 
nC 





where: 
P: filtration pressure 
1): absolute viscosity of filtrate 
S: filtering surface area 
a: slope of the straight line obtained in the 
filterability test 

It is general practice to establish com- 
parisons between sludges using tos as a 
baseline (coefficient of filtration under 
differential pressure of 0.5 bar or 49 kPa). 
For mixed digested IWW sludge, tos val- 
ues are usually in the region of 10” to 
10” m.kg™'. These values are incompat- 
ible with a direct passage on the mechani- 
cal filter, hence the obligation to use con- 
ditioning agents to improve filterability. 
For carbonate sludges which are much 
more hydrophobic, initial ros values are 
very low (about 1 to 5 x 10"! m.kg"'), and 
no aid is required. 


2.1.2. Sludge compressibility coeffi- 
cient 
When the differential pressure is 


increased, the pores of the cake close up, 
thus increasing resistance to filtration: 


l= 2°t05P® = PS 
The value of s, defined graphically by 
the slope of the straight line: 


log + = s log P (see figure 618), inter- 
t 


venes on filtration rate: 


2. Dewatering of sludge by filtration 


s<l: filtration rate increases with 
increasing P, 
s>l1: filtration rate decreases with 


increasing P. 


Insoluble crystalline substances or 
those morphologically related (ferrous ox- 
ide sludge, gas scrubbing or carbonate 
sludge, for example) do not compress 
easily (s<0.6); application of high pres- 
sures assists in compression. For sludge 
with high compression capacities (s be- 
tween 0.6 and 1), such as that condi- 
tioned by inorganic reagents or thermal 
procedures, high pressures (10-15 bar) 
may still be worth applying. When s 
approaches the unit (limed hydroxide 
sludge, or organic municipal sludge 
which is insufficiently conditioned by fer- 
rous salt and lime), it is sometimes pos- 
sible to simply apply average pressures 
(7-10 bar) as higher pressure means 
longer filtration times for a minimum 
gain in DS content. 

When s is greater than 1 (highly pro- 
tidic organic sludge with polyelectrolytes, 
for example), the application of high 
pressures is sometimes unnecessary (see 
figure 619) as it may have little influence 
on the final DS content of the dewatered 
cake. 





Pressure 


Compressibility coefficient 


log r, - log r 


S= 





log P, - log P 


Figure 618. Determination of the compressibility 
coefficient. 


The gradual increase in pressure (slow 
consolidation of the filtration cake), pres- 
ents a certain advantage as it slows down 
settlement of the cake and facilitates the 
drainage of highly compressible sludge. 


2.1.3. Dryness limit 


When sludge is filtered at a high differ- 
ential pressure (from 5 to 15 bar), the fil- 


: t 
tration curve a f(V) presents the char- 


acteristics shown in figure 620. 


Pressure 


Pressure 























Easily filtered sludge 


Waste sludge with high 


Compressible sludge 


specific resistance 





Figure 619. Diagrams illustrating different types of sludge. 
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Figure 620. Filtration under different pressures. 


The curve presents two main sections: 
- a straight section AB over which the 
general law of filtration applies as in the 
case of a lower differential pressure (0.5 to 
1 bar for example), 
— an asymptotic section CD, over which 
an increase in filtration time yields no fur- 
ther increase in the volume of filtrate. 
This “blockage” is the result of complex 
phenomena such as differential settlement 
of the cake and deformation of agglomer- 
ate matter under pressure. 


“Dryness limit” St is defined as cake 
dryness obtained after “infinite” filtra- 
tion time (in practical terms, when there 
is no further filtrate run-off). The filtrate 
volume Vy is a logarithmic function of 
pressure P. Carman’s curve is supple- 


ABCD: 
filtration at constant pressure P 
APBPCye Dy: 
filtration at constant pressure P, 
= time 
V = filtrate volume 
ges aP.S? 
Ne 
zone over which 
Carman's law applies 


} asymptotic segment 
D, 
= maximum volume for pressure P 


L= maximum volume for pressure P, 


mented by an asymptotic section defined 
by: 
KV 

(Vir--¥) Va 

Plotting curves for St = AP) for high- 
pressure filtration, facilitates approximate 
determination of the pressure to be 
applied to obtain the required degree of 
dryness. The selected pressure must be 
such that the operating point is below 
point C in order to maintain acceptable 
operating conditions (satisfactory filtra- 
tion rate). 


The value of Sz is an essential indica- 
tion for forecasting performance of differ- 
ent mechanical filtration devices and for 
defining the sludge treatment procedure, 

This is important since the choice of 


eA aa 
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conditioning technique may have an in- 
fluence on dryness limit or choice of 
applied pressure. 

The table below gives a sample of dry- 
ness limit values Sy at 15 bar: 


Type of sludge (and conditioning) 


Extended aeration with polyelectrolyte 
Extended aeration with FeCl; + lime 
Mixed’ digested with thermal conditioning 
Mixed" digested with FeCl; + lime 
Mixed’ digested with polyelectrolyte 
Carbonate (without magnesium oxide) 
Activated sludge with polyelectrolyte 
Paper pulp with 80% fibre content 





Si 
(% DS) 









* 50% of low fibre primary sludge and 50% of biological sludge. 


2, 
DRYING BEDS 


2.2.1. Sand beds 


The drying of sludge on drained sand 
beds was, for a long time, the most fre- 
quently used method. This technique is 
no longer so widespread due to: 

— the large surface areas needed, 

— high labour costs involved, 

— performance which is very dependent 
on climatic conditions and does not allow, 
in a large number of regions, regular dis- 
posal of produced sludge. In temperate 
climates, natural drying may take up to 
one hundred days per year. 

Large size drying beds are feasible if 
they are equipped with travelling bridges 
allowing mechanical recovery of dried 
sludge as well as spreading of liquid 
sludge across the whole surface area (fig- 


ure 623). 


St can only be overridden by using 
heat energy. For a given conditioning 
procedure, dryness levels achieved indus- 
trially can more or less approach this Sr 
value depending on the rate and appli- 
cation mode of the mechanical energy 
used. 


On highly protidic organic sludge 
(aerobic stabilised sludge, for example), 
conditioned with polyelectrolytes and 
presenting low Sr levels, it serves little 
purpose to use devices for applying high 
pressures: dryness yield obtained at un- 
der one bar is very close to dryness limit 
levels anyway. 


Natural dewatering should only be 
used with well stabilised sludge (digested 
anaerobic or after extended aeration). 


Depending on climatic conditions, dry- 
ing times vary from three weeks to one 
month and a half for 30 to 40 cm of lig- 
uid sludge. 


Drying areas generally include (see fig- 
ure 622): 
— a first layer comprising a 20-cm layer 
of gravel (15-30 mm). Drains are 
installed at the bottom of this support, 
— a second filtering layer comprising a 10 
to 15-cm layer of sand (0.5 to 2 mm). 


For obvious reasons, the draining sys- 
tem must be situated above the water 
table. 


Dewatering comprises a first drainage 
phase followed by atmospheric drying. DS 
content can reach 40 or even 60% in the 
event of optimally sunny weather condi- 
tions. 
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If beds are fed at a single point, it is 
difficult to extend their width beyond 
8m for a length of 20 m. Mechanical 
collecting of dried sludge enables beds to 
be 20 m wide and one kilometre long 
(figure 624). Investment costs are, how- 
ever, high. 





eer 


1 - Gravel. 
2 - Sand. 


Figure 622. Typical section of a drying bed. 
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Figure 621, Non-mechanised 8 x 20-m drying beds. 





Drying bed yield can be improved by 
conditioning sludge with polyelectrolyte; 
its implementation is easy and becoming 
more widespread. Draining velocities are 
thus considerably enhanced. Nevertheless, 
drying times remain dependent on cli- 
matic conditions. When they are very 


9.099. Se BS 
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3 - Drains. 
4 - Sludge. 
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favourable, drying can be carried out in If the treatment plant is sufficiently 
two weeks. In damp climates, it is advis- large, the best solution is to install a me- 
able to cover beds. The process, however, chanical filtration system for the periods 
is not as efficient as mechanical dewater- during the year when beds are no longer 
ing filters. operational. 








a ZS 


Figure 623, Installation at Acheres, Paris area, France, for the S.LA.A.P. Travelling bridge for sludge 
spreading and collection. 





LE 


Figure 624, raselianed at Achéres, Paris area, France, for the S.LA.A.P. Aerial view of mechanised drying 
beds (20 ha). 
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2.2.2. Dehydro drying beds 


The overall configuration is similar to 
that of conventional beds except that the 
sand layer is replaced by a rigid, perme- 
able floor. With this technique, however, 
achieving high dry solids levels is not the 
main objective. Priority is given to fast 
rotation of beds (24- to 48-hour cycles) 
rather than the actual drying phase. 
Sludge is preflocculated with polyelectro- 
lyte before being sent to the bed floor 
comprising porous plates for obtaining a 
well-clarified filtrate. After a first draining 
phase, the zone under the floor is slightly 
depressurised to enhance the run-off of 


2: 
VACUUM 
FILTRATION 


This is the oldest continuous mechani- 
cal dewatering technique and currently 
has limited applications. The vacuum fil- 
ters most commonly used to drain waste 
sludge are of the rotary drum (surface ar- 
ea reaching up to 80 m°) and open-tank 
type. Other filter configurations (disc fil- 
ter) have very few applications. 


2.3.1. Description and operation 


The rotary drum filter (see figure 625) 
consists of a revolving cylinder which is 
partially submerged in a tank containing 
the sludge for filtering. This cylinder is 
formed by the juxtaposition of a number 
of compartments which are sealed off 
from one another and covered with a sin- 


the interstitial water freed by flocculation. 
The cake is quickly drained and then con- 
solidated by fast atmospheric drying. It 1s 
collected manually, or more frequently by 
a small mechanical shovel. The surface of 
the bed is spray washed between each 
cycle to prevent clogging. 


These beds are suitable for small- and 
mid-size purification plants. Very short 
cycles allow dewatering of about 300 to 
600 kg of SS per day and per 72 m* (6 x 
12 m) bed, while producing manageable 
sediment with low dryness levels (12 
to 16% DS for extended aeration 
sludge and 11 to 17% for drinking water 
sludge). 


gle filtering cloth. The compartments in 
turn enter a vacuum or the atmosphere 
by means of a “valve mechanism”, 


The filtration cycle is as follows: 


a — Submerged part of the drum: with 
the vacuum effect, sludge accumulates on 
the cloth and forms the cake which gradu- 
ally thickens (1 to 3 cm). Filtration time 
is 1 to 2 minutes. 


b - Upper part of the drum: the moist 
cake layer leaves the tank, and under vac- 
uum conditions, is drained for a few min- 
utes to form a cake of sufficient cohesion 
(or even cracked). 


c — Discharge of cake: after an almost 
complete rotation cycle, the compart- 
ments leave vacuum conditions. Up until 
then the filter cloth has been applied to 
the drum. At this stage, the cloth detaches 
to enable separation and discharge of the 
cake (5 to 15 mm). The filtration support 
is then washed with pressurised water. 


2. Dewatering of sludge by filtration 


With continuous washing of the cloth, 
the vacuum filter offers consistent per- 
formance and can also function with thin 
cakes. 

Sludge is filtered under industrial vacu- 
um conditions of 300 to 600 mm of mer- 
cury. Rotation speed of the drum varies 
from 8 to 15 revolutions per hour. Fil- 
tering cloths are made of synthetic fibres 









Sludge pumping 







Y Separation tank 


Water for y 
liquid ring 


Storage thickener 


> 
G. 


po ye 
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with mesh spaces varying from 30 to 
100 um (SS of filtrates are generally less 
than 300 mg’). 

In the case of sludge that is liable to 
clog the system (oily sludge, for example), 
the addition of a precoat (sawdust) is 
often used as a filtering support. A 
micrometer advancing scraper removes a 
precoat film together with the cake. 


Feed tank 


[¥| Cake conveyor 





LA sescccces NV ves srcucencuisaiecaseuaceceaesss Ds Drain 
i} 
s 


Return to plant 


Figure 625. Diagram illustrating a bele discharge vacuum-type rotary filter. 
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This precoat process is rarely used as 
centrifuging is the treatment of choice for 
oily sludge. 


2.3.2. Production capacity 


Production capacity is expressed in kg 
of dry solids retained per m’ of drum sur- 
face per hour. Usable filtration capacity 
should be more than 15 kg/m’.h. 

The production capacity L of a vacuum 
filter may be calculated by integration of 
Carman’s equation for the effective fil- 
tration time tr = nT (where T represents 
total drum rotation time and n_ the 
immersion fraction): 


L 


05 
652 1 Pa iE 
100 C LTrm 


i Wears 


Sr 


where 

k = correction factor depending on the fil- 
ter medium’s own resistance (k taken be- 
tween 0.75 and 0.85), 

P = effective vacuum in kg.cm™ (gener- 
ally 0.5), 

C = concentration of sludge in kg.dm™, 
Sr = dry solids content of filtered cake in 
%, 

1) = viscosity of the filtrate in centipoises 
(lt at 20°C), 

t = specific resistance of sludge under 
0.5 bar in 10" m.kg™, 

n = drum immersion factor taken be- 
tween ().3 and 0.4, 

T = rotation time in minutes. 

This relation shows the value of high 
sludge concentration (L = k VC) and of 
keeping the filter medium clean (factor 


2.3.3. Calculating the rate of chem- 
ical conditioning 


To obtain acceptable operating condi- 
tions, the specific resistance to filtration 
r must be very low, between 1 and 
3x10'' m.kg™. This imposes: 

— reserving the filter under vacuum con- 
ditions for dense inorganic sludge with 
high natural filterability (carbonate 
sludge, for example), 

- or using large quantities of reagents on 
more difficult, colloidal sludge. 


Plotting curves giving the L filtration 
capacity in relation to the different re- 
agent dosages (ferrous salt and lime for 
organic sludge), highlights the realistic 
area of operation for each type of 
sludge. A production capacity of 
20 kg/m*.h should be overstepped if 
satisfactory discharge of the filtration 
cake is to be achieved (filtration cake 
thickness greater than 0.6 - 0.7 mm) 
(see figure 626). 


Inorganic reagents (or thermal condi- 
tioning) are adapted for sludge treatment 
prior to vacuum filtration. Satisfactory 
dewatered cake consistency and low ad- 
herence to the filtration cloth are 
required. 


The use of polyelectrolyte is not, how- 
ever, suitable (except for a few inorganic 
or fibrous sludges). In this case, the drop 
in specific resistance is considerably 
higher, thereby provoking the formation 
of a soft, thick cake with low cohesion 
properties. It is thus difficult to maintain 
the cake on the drum, dewater it and then 
scrape it efficiently. 
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oe ClOsmekem) 
L (kg.DS/m*.h) 


L > 20 kg/m.h 


Yy5 < 2x10%m.kg 


--L1 meee, 





—— 4 -—- — — + -— —-___--__—__» 
6% 8% 10% FeC1/SS 





with constants: 


immersion = 0.4 1 = 1.1 centipoises 1 - CaO/SS = 20% 
rotation = 5 min P = 0.5 kg.cm” 2 - CaO/SS = 25% 
DS content = 22% DS k=0.8 3 - CaO/SS = 30% 


Figure 626. Example of vacuum filtration of digested municipal wastewater sludge (SS = 40 g.I '), Fil- 
terability and L capacity in relation co [FeCl;/Ca(OH)2]. 
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The table below gives a sample of be vacuum 
the results obtained for sludge that can 


Origin of sludge 


FeCl;/SS 





Municipal mixed 
digested (% primary 
sludge >75% on SS) 





Steel works — Converter 
gas scrubbing 


Lime softening 
(Fe<1% on SS) 
(Mg<0.5% on SS) 


Clarified oily 
(Refinery) 


Coal washing 





Vacuum filtration is being used less 
and less due to: 
— high energy consumption for achieving 
vacuum conditions (from 80 to 150 kWh 
per tonne of SS for mixed municipal 
sludge), 
— high dosages of reagents for most 
organic or hydroxide sludges. Even with a 


Conditioning 


Ca(OH)2/SS 
% 


Primary municipal 15-20 
30-35 


filtered on an industrial 
scale: 








Filter DS content 
capacity of cake 
kg DS/m’.h % DS 
26-32 
22-26 
Thermal 26-33 
conditioning 
50-70 55-65 














Polyelectrolyte 
0.3 kg! SS 





very high rate of conditioning (inorganic 
addition greater than 50% on SS), fil- 
terability of certain highly colloidal sludge 
remains insufficient and vacuum fil- 
tration is to be precluded, 

— maintenance constraints (scaling of 
vacuum circuits, liquid ring pump and 


filter cloth). 
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Figure 627. Lille-Marquette facility, Northern France, for the Lille urban area. Output: 4 t.h"' of DS. Four 


2 a 
40 m* vacuum filters. 


2.4. 

PRESSURE FILTRATION 
IN WATERTIGHT 
CHAMBERS 


Filtration is carried out by filter presses 
allowing very high pressures to be applied 
to the cake (5 to 15 bar and sometimes 


more). 
This enables cake DS content to 


achieve levels of more than 30% on most 
properly conditioned organic or hydroxide 
sludges. 


2.4.1. Conventional recessed plate 
filter presses 


This pressing technique is the most 
widespread despite its intermittent oper- 


ation. Investment is relatively high in 
comparison with other processes such as 
belt filters (see page 994). 


2.4.1.1. Description 


A filter comprises a set of vertical, 
juxtaposed recessed plates (1), pressed 
hard against each other by (a) hydraulic 
jack(s) (2) at one end of the set (see figure 
628). 


This vertical plate layout forms water- 
tight (3) filtration chambers allowing 
easy mechanisation for the discharge of 
cakes (“filter opening”). 


Finely or tightly meshed (10 to 
300 Um) filter cloths (4) are applied to 
the two grooved surfaces of these plates. 


Dial 
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The sludge to be filtered arrives (5) un- 
der pressure in the filtration chambers 
through orifices (6) generally in the centre 
of the plates. The alignment of these ori- 
fices serves as a feed passage for the 
sludge. Central feed allows even distribu- 
tion of flow, pressure and better drainage 
of sludge within the chamber. 

Solid sludge matter gradually accumu- 
lates in the filtration chamber until the 
final compacted cake is formed. 

The filtrate is collected in the grooves 
at the rear of the filtration support and 
carried away by internal ducts (7). This 
form of evacuation reduces odours and is 
preferred to the “plate-by-plate” method 
(for organic sludge at least). 

The pressure applied to the joint face of 
each filtering plate must withstand the 
chamber’s internal pressure developed by 
the sludge pumping system. The pressure 
generated by plate jack(s) is evenly spread 
due to an intermediary moving head. This 








Figure 628. Simplified diagram of a filter press. 


head is usually assembled on rods or bear- 
ings so that the thrust always operates 
according to a horizontal axis even when 
dried sludge has accumulated on the 
lower joint faces after a certain operating 
time. 








ging air 


a 
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2.4.1.2. Operation technologies 


These are usually distinguished by: 
— the filter plate support system: either 
lateral on two longitudinal bars (see figure 
631) or by suspension to one or two up- 
per rails (see figure 632), 
— individual plate separation system 
(electromechanical or hydromechanical), 
— closing system: one or several jacks 
(generally hydraulic), 
- cloth washing system, 
— and safety coefficients for frame-sup- 
port calculations. 
_ The largest filter press units com- 
prise up to 150 plates 2 m square. The 


1 - Plate. 
2 - Bosses. 
3 — Chamber. 


Figure 630. Detail of part of a filtration chamber 
with bosses. 





total filtration surface is about 1,000 m? 
and volume of chambers 15,000 | (with 
3-cm thick cakes) for a ground surface 
area of less than 40 m’. 


Small units are also available. They 
comprise twenty or so plates 0.4 m 
square (less than 5 m’ of filtration sur- 
face). 


Filtering pressures generally 
applied are in the region of 13 to 15 bar. 
On some sludges where DS content 
achieved at 5 to 7 bar is close to maxi- 
mum limits, filter presses engineered for 
these specific pressure rates are used. 


The depth of filtration chambers (and 
therefore, the final cake thickness), 
must be selected in relation to the sludge. 
For low concentration sludge that is diffi- 
cult to filter, low thicknesses should be 
adopted (about 25 mm). For dense 
sludge with good filterability, greater 
thicknesses (40 to 50 mm) avoid cycles 
that are too short and penalizing to oper- 
ating personnel. The most commonly 
used thickness is around 30 mm which 
has the advantage of yielding heavy cakes 
that are easy to discharge. This thickness 
is generally adopted for the majority of 
municipal sludge with a cycle time of 2 
to 4 hours. 


Plates are made of different materials: 
polypropylene is the most common in 
mid-size units. Cast iron is still used for 
large units. Steel coated with moulded 
rubber is also sometimes used. 


Each plate comprises several evenly 
spaced bosses (see figure 630). These 
avoid deformation or breaking of the cen- 
tral part of the filtering plates in the 
event of incomplete filling of the filter 
press. 
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If a filtration chamber remains empty 
or only partially filled, the effort from the 
juxtaposed chambers is sustained by the 
bosses which are placed opposite each 
other. When filling is complete, this 
effort is usually sustained by the cake 
itself. 

In most cases, filter cloths are of a syn- 
thetic monofilament weave (polypropyl- 
ene or polyamide-Rilsan, in general). The 
cloth is most commonly assembled on a 
coarser sub-cloth for better discharge of 
filtrate, more efficient washing and 
reduced tension on the finer filtration 
cloth, especially at the end of the pressing 
process. With highly colloidal hydroxide 
sludges, closer, miultifilament weave 
cloths are used to prevent fines entering 
the filtrate. 


t aps 
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2.4.1.3. Filtration cycle 


The filter press is an intermittent 
dewatering process. 

Each pressing operation comprises the 
following phases: 


e Closing of the press 

As the filter is completely empty, the 
moving head activated by the jack(s) 
clamps the plates. Closing pressure is self- 
regulated throughout filtration. 
e Filling 

During this short phase (5 to 10 min- 
utes), chambers are filled with sludge for 
filtration. Filling time depends on the 
flow of the feed pump. For sludge having 
good filterability (tos < 10"' m.kg™), it is 
best to fill the filter very quickly so as to 
avoid the formation of a cake in the first 





ter presses with lateral suspension (140 plates 1.5 x 1.5 m). 
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chambers before the last ones have been the formation of an increasingly thick 
filled. layer of filtered sludge on the cloths. Max- 
imum filtration pressure is usually 
achieved in half an hour. The filtering 

Once the chambers have been filled, process can last anything from 1 to 6 
continuous arrival of sludge to be dewa- hours depending on the depth of cham- 
tered provokes a rise in pressure due to _ bers and filterability of the sludge. 
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e Filtration 







Figure 632. Barueri facility (Brazil) for the town of Sao Paulo. Three filter presses consisting of 150, rail 
suspended 2 m x 2 m plates. 
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Figure 633. Small 600 x 600 mm plate-and-frame filter press. 
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The filtration phase can be stopped: 
- either manually, 
— by a timer, 
— or more conveniently, by a filtrate flow 
indicator which issues a stop alarm when 
the end-of-filtration rate has been reach- 
ed. This is usually about 10 to 20 | per 
m’ of filtering surface and per hour. 


When the filtration pump has stopped, 
the filtrate circuits and central duct, 
which is still filled with liquid sludge, are 
purged by compressed air. 











Figure 634. Diagram of an automatic integrated 
washer for a rail-suspended filter-press system. 
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Figure 635. Barueri facility, Brazil, for the town of 
Sao Paulo. 


Figure 636. Moulle facility, Northern France, for 
LE-Dumez. Capacity: 2,000 m’.h™'. Production of 
drinking water. 
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e Filter opening 

The moving head is drawn back to 
disengage the first filtration chamber. 
The cake falls as a result of its own 
weight. A mechanised system pulls out 
the plates one by one. Plate separation 
speed can be modified to account for the 
mote or less sticky texture of the cake. 


Under normal operating conditions, 
filter opening procedures last from 20 to 
30 minutes for large units. 


This phase requires the presence of an 
operator as minimal conditioning rates, 
clogged cloths or grooves often require 
manual intervention for complete ejec- 
tion of the cake. 


In comparison with other dewatering 
devices, the filter press requires more 
manual labour because of filter opening 
monitoring. Other procedures, however, 
can be automated. 


Another vital operation must be add- 
ed to these four phases - washing - 
especially the filtration support and fil- 
trate drain grooves. 


Washing of cloths should be carried 
out every 15 or 30 pressing operations. 
For mid- or large-size units, this takes 
place on-press using water sprayers at 
very high pressures (80 - 100 bar) (fig- 
ures 634, 635 and 636). Washing is syn- 
chronised with separation of plates. 
Washing a filter cloth lasts 2 to 4 hours. 
Some manufacturers now propose fully 
automated washers that no longer 
require operator surveillance. 


Carbonation of cloths can be over- 
come either by disassembly and soaking 
them in an appropriate solution, or 


directly in the closed filter by circulation 
of an HCI solution. 

When the high-pressure washer fails 
to wash filter grooves thoroughly (highly 
compacted sludge and lime), sand blast- 
ing can be carried out on the cast iron 
plates (every 3,000 to 6,000 cycles). 


2.4.1.4. Filtration capacity 


The production capacity of a filter 
press is somewhere between 1.5 and 
10 kg of dry solids per m’ of filtering 
surface (for a pressing time of 6 to 1 
hours). 

In practical terms, selected pressing 
times are less than 4 hours. One of 
the advantages of the filter press is that 
it can accept sludge with average 
filterability. A resistance tos of 50 x 
10'’ m.kg™ is still acceptable, whereas 
sludge with concentration rates of about 
40 gl" requires a resistance tos of 15 
to 20 x 10'' mkg™. To keep pressing 
times reasonable (2 to 3 hours with 
3-cm cakes), resistances of 5 to 10 x 
10'' m.kg™ should be obtained. 

These figures assume a compressibil- 
ity coefficient of less than 1 and prefer- 
ably less than 0.8. 

Depending on the specific resistance r 
and compressibility s (factors determined 
under laboratory conditions, see pages 
372 and 374), an approximate calcula- 
tion of filtration time can be deduced 
from filtration laws (see page 178) with 
the introduction of a correction factor k 
to allow for clogging of cloths: 


es 2 
= kx 0.2125 ies £. ea : 1 


where: 
te = filtration time in minutes, 
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C = concentration of conditioned sludge 
(SS) in kg! 

d, = density of final cake in kg! 

1 = filtrate viscosity in centipoises (1.1 
at 20°C) 

t Of fos = specific resistance under P = 
0.5 bar of the conditioned sludge in 
10" mkg™ 

s = compressibility coefficient 

P = maximum filtering pressure in 
kg.com™ 

e = filtration chamber thickness in cm 

Sr = final DS content of cakes as a frac- 
tion of their mass 

k = clogging coefficient of cloths 
(k = 1.2 to 1.3 up to about 500 press- 
ing operations, k = 1.5 thereafter). 
The production capacity L of filter 

production in SS of conditioned sludge, is 

given by: 


L = 2S! kg/m? h 
OP Rota 


with: 
ty = time (h) of total cycle = te + ta + t 


where: 
ta = filter opening and closing time 


and: 
t. = filter filling time (5 to 15 minutes). 


In practice, filter production capacity is 
deduced from cake drying at 105°C, and 
is therefore expressed in kg DS/m/7.h (see 
chapter 5, paragraph 6.2.1). 


Filtration time depends on: 
— cake thickness (e°), 
— sludge concentration (1/c), 
— specific resistance (r0,5) : 
compressibility coefficient ree 
Pp 


It is always advantageous to optimally 
thicken sludge before filter press oper- 
ations. Although sludge presenting a high 
filterability enables better production 
capacities, a filter press still accepts sludge 
with low conditioning precision. This tol- 
erance means that the device offers great- 
er overall operational safety. 


After the first few minutes, the col- 
lected filtrates generally have a low SS 
load as filtration takes place through a 
precoat layer of a forming cake. Filter 
presses, therefore, ensure the highest sep- 
aration rates (more than 95% in many 
cases). 


2.4.1.5. Performance 


Table 81 shows that the filter press is 
suitable for almost all sludge types. The 
following comments apply to the differ- 
ent groups of sludge: 


e hydrophilic organic sludge: inor- 
ganic conditioning is often recommended 
as lime conditioning enables satisfactory 
cake release due to minimal adherence to 
the filter cloth. The use of polyelectrolyte 
is possible (see paragraph 1.1.2) but 
spongy cakes are often longer and more 
difficult to detach; fouling of cloth is also 
quicker: washing may be necessary every 
5 to 10 pressing operations. The use of 
polyelectrolytes instead of lime should be 
decided once industrial tests have been 
carried out, as the success of the method 
is not infallible and users tend to aban- 
don cake discharge if cakes are too sticky. 
Fibrous sludge is best adapted to condi- 
tioning by polyelectrolyte; 


e hydrophilic inorganic sludge: the 
filter press generally requires the addition 
of lime only; 
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e hydrophobic inorganic sludge: 
this dense sludge is ideal for the filter 
ptess and is dewatered without any pre- 
liminary conditioning. This is mainly due 
to the low compressibility coefficient (less 
than 0.6) and crystalline nature of parti- 
cles. In this case, size of particles is @ 
determining factor in production capac- 
ities. DS levels are often greater than 
50%; 


e oily sludge: oils are usually present in 
emulsion form or are adsorbed on partti- 
_ cles. The filter press can be used to treat 
sludge containing light oils (with frequent 
recovery in the filtrate). The presence of 
grease can sometimes impair the smooth 
running of the filter; cloths have to be 
degreased at frequent intervals. Lime 
treatment is the most suitable treatment 
for oily sludge. 


2.4.1.6. Operation 


The feed rate of a filter press is 
more or less constant at the start of fil- 
tration, but steadily decreases in time. 
It is, therefore, virtually impossible to 
slave inorganic conditioning to the fil- 
ter feed rate. This requires the installa- 
tion of an intermediary buffer tank to 
store conditioned sludge during the fil- 
tration cycle. Conditioning is thus 
totally independent of the filtration rate 
(figure 607). 


With polyelectrolyte conditioning 
and where sludge quality is appropri- 
ate, almost instantaneous flocculation 
can be carried out in pipes. Floccula- 
tion rates must be proportional to 
sludge rates. 


Close attention must be paid to the 
method of feeding filter presses. Piston 


and diaphragm pumps should be used 
with automatic flow adjustment in rela- 
tion to the head loss in the filter. 


It is also possible to use either piston or 
eccentric rotor pumps. They do, however, 
have lower flow rates and are more liable 
to wear and tear. 


On sludge with good filterability and 
in large units, preliminary filling with a 
high-rate centrifugal pump allows faster 
chamber feed and shorter pressing times. 





1 - Polypropylene plate. 

2 - Built-in diaphragm. 

3 - Diaphragm compression fluid. 
4 - Filter cloths. 


5 - Filtration chamber. 

6 - Sludge inlet. 

Figure 637. Simplified section of a polypropylene 
plate with a built-in plastic diaphragm. 
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Table 81. Filter press performance. 
















Filter 


capaci 
DS kg/ s 


DS 
content 
% 





Type of 


ARS Nature and origin of sludge 








Hydrophilic 
organic 

(OM/SS) from 
30 to 90% 


Fresh, mixed municipal 
1: % primary > 75% SS 
2: % primary = 50% SS 
3: % primary > 65% SS 


































Digested, mixed municipal 

1: % primary indifferent 

2: % primary = 50% SS 

3: % primary > 65% SS 

(fairly fibrous sludge) (test) 
18-28 - 1.5-3 31-37 

Physical-chemical, municipal 

Water treat. at more than 100 mgJ™| If req. 18-30 - 1.5-2.5 33-45 

in FeCl; 

Water treat. at less than 40 mg.l' in| If req. ~ 5-8 (test) 2-3 30-35 

FeCl d 

Biological (amino acid manuf.) els: 25-50 - 1.5-2 30-35 
Hydrophilic | Partial carbonate removal 
inorganic 1: Fe/SS > 10% 75-11 4-6 50-55 
(Fe, Al, Cr, | 2: 6% < Fe/SS < 10% - 5-7 55-60 
etc. hydrox- 





ides) 
Clarification of surface water 


(low in loam) 








1: Al salt 18-35 1.5-2.5 30-38 
2: Fe salt 16-28 1.5-3 34-40 
Electroplating workshops 0.15 30-40 








Aluminium anodic oxidation 
(caustic soda neutralisation) 5-15 3-5 35-40 


Ce ewe 


Sulphuric steel pickling 
(lime neutralisation) - 3-5 45-50 


Hydrophobic | Carbonate removal 

inorganic 1: Fe/SS < 2% 10-20 60-70 
2: 2% < Fe/SS < 5% 7-13 50-60 

Smoke scrubbing (lime neutralisa- 

tion) - 8-15 55-60 


acpi oy [Roting mil WW | fe | 00 


Oily Cutting or soluble oil WW 
8-12 3 50-60 
2-5 3-4 50-55 


















1: acid breaking (lime neutralisation) 
2: flotation (Al salt + lime) 
hydrocarbons = 30% of SS 
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Filtration 








Filtration 
chamber Compression 


chamber 





| Compressed cake. End of cycle 





Compressed 
air ducts 


Cake under formation 





Figure 638. Section diagram of plates with fastened rubber diaphragms. 


Cloth service life is highly variable, but 
1,500 to 2,000 cycles are frequently 
achieved in well maintained facilities. 

Cakes are collected beneath the filter. 
They are first broken on steel cables, then 
they are continuously discharged by a con- 
veyor system (belt or chain configuration 
in an enclosed area). 

Filter presses need to be installed in a 
two-storey building. 


2.4.2. Conventional plate- 
diaphragm filter presses 


From the outside these filter presses 
look similar to conventional plate-and- 
frame filters. One of the internal sides of 
each plate is lined with a plastic dia- 
phragm (such as the polypropylene plate 
with a built-in diaphragm, see figure 


637) or a rubber diaphragm (where fas- 
tened to the plate, this diaphragm can be 
disassembled and replaced, see figure 
638). The other side of the filtration 
chamber has a conventional aspect: groov- 
ing on the plate and a filtration cloth. 

To ease filter opening, certain manu- 
facturers (polypropylene-plate diaphragm 
suppliers in particular), suggest fitting 
diaphragms on both sides of the filtration 
chamber. Filtration takes place on just 
one side of the chamber or on both sides: 
the diaphragm is therefore grooved and 
lined with a filtering medium. Production 
capacities are obviously increased with 
dual-side filtration. This process is now 
commonly used for filter presses with dia- 
phragm plates. 

This type of filter offers the following 
advantages: 
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— by inflation (air and sometimes water) 
of the diaphragm, pressure is evenly 
spread across the whole surface of 
the cake. Uniform distribution is impos- 
sible on conventional filter-presses as 
pressurisation pump systems provoke 
pressure gradients within the filtration 
chamber. With inflation, DS content is 
therefore improved and cakes are easier 
to discharge as they are more homoge- 
neous (elimination of moist areas that 
are difficult to avoid with conventional 
filter presses), 

- feeding of sludge into the filter takes 
place at a rate of up to 3 or 4 bar, with 
eccentric rotor pumps where possible. 
Pumping times depend on the filterabil- 
ity and concentration of sludge. When 
the quantity of sludge is sufficient, 
pumping is stopped and pressurisation of 
diaphragms (7-10 bar) continues dewa- 
tering, 

— these filters are better adapted to poly- 
electrolyte conditioning and offer slightly 
easier filter opening. Nevertheless, as for 
the conventional filter, industrial tests are 
highly recommended as some types of 
sludge (especially biological colloidal 
sludge) cannot be properly filtered with 
this form of conditioning, 

— production capacities are enhanced: 
around 20 to 40% in relation to a con- 
ventional filter. Cycles are shorter but 
cake discharge times still take between 
15 and 20 minutes. The gain in fil- 
tration capacity is not always guaranteed 
with sludge having average filterability 
and high compressibility coefficients 
(s>0.7). This is the case for organic 
sludge which has undergone minimum 
conditioning. 


Installations are sometimes more com- 
plex (independent pressure fluid inlet for 
diaphragms on each plate) and often 


more costly. These filters require greater 
maintenance (periodic replacement of 
diaphragms) and all chambers must be 
regularly and sufficiently filled at each 
cycle. Sludge should not contain hetero- 
geneous matter as it may clog the cham- 
ber feed ducts. 

These plate-diaphragm filters, al- 
though widespread in industrial process 
environments, are less used with waste- 
water sludge as monitoring of filter open- 
ing is always necessary. 

In spite of greater complexity, certain 
manufacturers propose other mechanical 
enhancements such as suspension of 
cloths to a vibrating or moving system. 
Discharge of sticky cakes, however, 
remains difficult. 


2.4.3. Automatic filter presses 


Even the most efficient conventional 
filter presses with mechanical plate sep- 
aration and automatic fabric washing 
require Operator supervision to assist with 
discharge of cakes for 20 to 30 minutes 
every 1 to 4 hours. 

A new type of fully automated filter 
press has been developed to reduce these 
labour costs. 


2.4.3.1. Multicellular, vertical plate 
filter_press 


These are plate-diaphragm filters. 
They differ from conventional filters by 
a following two innovations (see figure 

39): 
- the plates all open at the same 
time so that cakes are discharged simul- 
taneously. Idle time is reduced to a few 
minutes but the collection device must 
be calibrated accordingly, 
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— when the filter is open, the filter 
cloths suspended on a mobile system, 
unfold downwards to force release of 
the filtration cake. In the event of stick- 
ing, a filtering support scraper is fitted to 
the bottom of each plate. After discharge, 
when the filter cloth returns to its original 
position, washing with moderate pressure 
spraying is carried out. 

With the plate-diaphragm system, cake 
thickness can be limited to about 10 mm. 
Filtering time is therefore reduced to 
about 10 to 20 minutes. 

These filters offer production capacities 
(kg/m*.h) that are 5 to 10 times higher 
than those of conventional filters. The 
major drawback of these systems, howev- 
er, is initial investment costs which are 2 
to 3 times higher than those of conven- 
tional installations. Furthermore, certain 


operating constraints have to be taken 
into account: 

- the importance of monitoring and 
maintenance of a complex mechanical 
system: diaphragms, the rotation actuat- 
ing mechanism for filtration supports, 
positive and negative pressure circuits for 
diaphragms, mobile systems for feeding 
sludge into the chambers, etc., 

— system reserved for very well condi- 
tioned sludge containing no coarse 
heterogeneous materials (fibres, etc.). 
Indeed, the major drawback of these 
filters lies in the narrow passage for 
the introduction of sludge into the fil- 
tration chambers. These filters are 
best reserved for sludge comprising 
fine, homogeneous particles such as 
lime-treated clarification sludge 
(hydroxide) or sludge carbonate. 


Compression fluid 


Sludge feed 


Diaphragm 
support plate 


Diaphragm 


Compression 
chamber 
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Figure 639. Skeleton diagram showing an automatic multicellular vertical place filcer press. 
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aly 640 ES Falc rotary drum filter 
press. Surface: 4 m’. 
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When all the necessary precautions 
have been taken, these filters can function 
without the presence of an operator and 
produce cakes offering good DS levels. 


drum filter press 

The filtering fabric is rolled around a 
drum that has orifices for sludge feeding 
purposes. Filtering cells (with or without 
a diaphragm) are held in place by an 
external jacket attached to the drum. The 
cells are fixed to the fabric by a series of 
air plug valves for sealing filtration cham- 
bers. An orifice corresponds to each of the 
filtration chambers. Sludge is fed through 
the orifices by means of a rotary dis- 
tributor driven by a high-pressure sludge 
pump (figure 640). 

Cake discharge is carried out by drum 
rotation and unrolling of the cloth. 

In the lower part of the device, the 
cloth separates from the drum for scrap- 
ing and washing purposes. 

Production capacities are 6 to 10 times 
higher than those of a conventional filter: 
fast filtration in thin 3- to 10-mm layers 
and short cake discharge times of less than 
1 minute. 

These systems, with narrow passages 
for sludge, are to be used for fine homoge- 
neous sludge only: surface treatment, clar- 
ification sludge, carbonate sludge. Pro- 
duction capacities are optimum with 
io resistance of conditioned sludge 
less than 3 X 10" m.kg™. 


2.4.3.3. The Squeezor: single-com- 
partment filter press with a horizontal 
plate-diaphragm configuration 

In contrast with the filter presses 
described in previous paragraphs, this sys- 
tem functions continuously for both 
sludge feeding and cake evacuation. 

Filtration is carried out according to 
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(a) Simplified longitudinal section of the whole assembly. 
(b) Section diagram showing moving press elements. 
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Figure 641. Section diagram illustrating the Squeezor system with preliminary pressing. 
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the thin layer (3 to 6 mm) technique via 
a plate and diaphragm system. 
The system comprises (figure 641): 


ea first part corresponding to a simpli- 
fied belt filter (page 994): sludge is condi- 
tioned with polyelectrolyte (1), drained in 
the draining zone (2) and pressed a first 
time in the roller zone (3). The partially 
dewatered sludge then enters (4) the 
pressing zone. Production capacity is thus 
improved; 


ea second part similar to a watertight 
filtration chamber: the cake which is 
evenly spread in a thin layer between two 
filter belts (5) is pressed on both sides by 
two filtering plates. The lower plate is 
fixed in the vertical plane; the upper plate 
is actuated vertically by pneumatic jacks 
(effective filtration pressure of 10 bar). To 
ensure continuous discharge of the dewa- 
tered cake, the press assembly (6) is 
mobile and moves forward with the belts; 
at the end of the filtration phase, the press 
releases a “thin cake” and quickly moves 
backwards for application to the upper 
part of the belt where the pre-dewatered 


4 





sludge has been placed during the previ- 
ous filtration period. System kinematics 
are adjusted so that pressed thin cakes are 
juxtaposed. 


Because of continuous cake discharge, 
efficient preliminary thickening and cake 
thinness, production capacities are 15 to 
20 times greater than those of a conven- 
tional filter press. In view of the wide feed 
section of the pressing zone, this system 
can treat a variety of sludge. A screening 
phase is nevertheless recommended as a 
precaution. Furthermore, as pressing 
times are very short (1 to 2 minutes), it is 
best to reserve this system for poly- 
electrolyte-conditioned sludge presenting a 
low compressibility coefficient (s<0.7) 
and dryness limit levels greater than 35% 
(organic sludge with fibrous texture, low- 
hydrophilic municipal sludge, inorganic 
sludge with hydrophobic tendencies). 


As with all automatic filter presses, 
specific maintenance constraints must be 
respected. 

A variation on this filter is one with a 
pressing module formed by several verti- 
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1 - Screw press. 


4 - Liquid or consistent sludge. 
5 - Filtrate. 
6 — Plug of dewatered sludge. 


2 - Strainer. 
3 - Adjustable shutter. 


Figure 642. Schematic section of a screw press. 
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Figure 643. Facility at Vic-le-Comte, Central France, for the Banque de France. Capacity: 1,500 kg of 993 


DS.h"'. Two screw presses with a diameter of 600 mm. 


cal plate-diaphragm sets allowing an 
increase in compression time or produc- 
tion capacity. 


2.4.4, Other presses: 
screw presses 


These devices enable effective dewater- 
ing of highly fibrous sludge only. 

Screw presses consist of a screw (single 
ot double) rotating at low speeds (a few 
revolutions per minute) which compresses 
the sludge in a perforated cylinder (see 
figure 642). Compression is made pos- 
sible by limiting the output of the “sau- 
sage” by formation of a plug of dewatered 
sludge at the screw outlet. Considerable 
force is needed to push the plug. High 
pressures (among the strongest for me- 
chanical dewatering systems) and high 
shearing stress (for expulsion of interstitial 


water) are applied on the sludge. Forma- 
tion of the “plug” is helped by the reduc- 
tion of the screw outlet passage (in general 
by an adjustable shutter). 


The main application of these presses, 
on paper-mill primary sludge with a high 
fibre content of over 50%, achieves DS 
levels of 40 to 55%. A preliminary drain- 


‘ing system (GDE or screw) enables an 


increase of the device’s mass capacities: 
200 to 400 kg.h of SS for a press with a 
bowl diameter of 300 mm and 600 to 
1,000 kg.h’ for a bowl diameter of 
650 mm. Compared with belt filters, the 
consumption of polyelectrolyte is higher as 
floc has to be extremely resistant. 


Normal maintenance of these materials 
is linked to wear phenomena of the screw 
and strainer. Their design and construc- 
tion account for the stress applied. 
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jp 
BELT FILTERS 


The size of flocs obtained by poly- 
electrolyte conditioning (see page 955) has 
resulted in the development of dewatering 
devices specifically adapted to the treat- 
ment of waste sludge. These devices are 
called belt filters and are widely used for 
several reasons: 

- ease of use and good visual control 
during dewatering, 

— low operating and reasonable invest- 
ment costs, 

- the continuous aspect of the proc- 
ess and washing of filter belts, 

- simplicity of mechanical design, 

— use of mineral additives often unneces- 
sary (sometimes sawdust or ash for oily 
sludge, for example), 

— production of easy-to-shovel sludge. 

Depending on dewatering capacities of 
sludge, these filters allow optimisation of 
investments. Furthermore, they represent 
an almost all-purpose energy-saving proc- 
ess: 
belt filter: 10-25 kWh.t" of SS, 
conventional filter press: 

20-40 kWh.t™ of SS, 
30-60 kWh.t™ of SS, 


centrifuge: 
50-150 kWh.t™ of SS. 


vacuum filter: 


2.5.1. Filtration principle 


The filtration process always comprises 
the following stages: 
- flocculation with polyelectrolytes, 
in flocculators featuring short retention 
times, Or sometimes in pipes, 
- draining of the flocculated sludge: 





draining of freed interstitial water on a fil- 
tering support. This causes rapid sludge 
thickening. To achieve the best possible 
performance, the drained sludge should be 
as concentrated as possible, 

— pressing of the drained sludge. The 
sludge, which is of sufficient consistency, 
is trapped between two filter belts which 
form a wedge. They gradually compress 
the sludge. The “sandwich” rolls around 
the perforated drums and then around 
rollers laid out in a staggered formation. 
The layout varies according to the type of 
the filter. 

Efficacy of dewatering depends on both 
the effective pressure P, applied on the 
sludge sandwich and pressing time. 

A simpler way of looking at this is by 
considering that pressure P., called surface 
pressure, has the following form: 

P= k 2b 
WD 
with T: belt tension 
W: belt width 
D: roller diameter. 


P. is therefore obtained by the tension 
of belts around the rollers. 


Tension T of 
piilter belts 


Figure 644. Belt filter: active pressing surface. 


2. Dewatering of sludge by filtration 


It remains reasonable (0.3 to 1 bar) 
due to the mechanical resistance of filter 
beits and rollers. P. is as high as the diam- 
eter of the roller is small. 


Pressing time depends on the active 
pressing surface at the level of the rollers 
(see figure 644) and the speed of unroll- 
ing. 


Water release is facilitated by sludge 
shearing stresses at roller level and can be 
carried out on alternate sides of the sludge 

“layer”. 


Pressing operations on belt filters are 
performed in an open environment: 
the sludge blanket itself ensures lateral 
sealing under pressure that it sustains 
during progression. If pressure is too high, 
the cohesion of the sludge layer is de- 
stroyed and lateral squeezing out 
occurs. This means that partially dewa- 
tered sludge is laterally ejected from the 
filtration area. 


Pressure rates causing lateral squeezing 
depend on the physical structure of 
drained sludge. Dryness efficiency 
obtained on belt filter presses is lower 
than that achieved by recessed plate filter 
presses. 


To improve rates, two solutions are 
available: 
— multiply the number of rolling up op- 
erations and reduce the diameter of the 
rollers in the final phase of filtration 
(within the limits of mechanical 
strength), 
— use external compression systems that 
are independent of belt tensions. 


These additional devices can only be 
used with sludge having a high cohesion 
factor, for example, fibrous sludge. Colloi- 
dal sludge would not resist additional 


compression or would allow only a mini- 
mum gain in DS content. 


Conventional belt filters achieve satis- 
factory results on most organic or hydrox- 
ide sludge as dryness efficiency is close to 
maximum values. 


2.5.2. Superpressdeg filters 


According to the desired final result 
and quality of sludge for dewatering, sev- 
eral filters are available. 


2.5.2.1. Superpress ST 


This standard version obtains optimum 
results on a large number of sludges. This 
is currently the most widely used system. 


Figure 645 illustrates a section diagram 
of the device: 


The sludge and flocculant are fed into a 
mixer (1) fitted with a variable speed 
stirrer. The flocculated sludge flows onto a 
belt (2) in the drainage zone (3). The 
sludge is evenly distributed across the 
width of the filter by a rubber band which 
prevents draining from taking place too 
quickly and assists in the spreading of liq- 
uid sludge. 

In this drainage zone, the sludge layer, 
after passing through a picket fence (4), 
is spread in an even, homogeneous layer 
by a drainage roller (5) allowing: 

— introduction of a regular sludge layer in 
the pressing zone (thickness variable from 
10 to 40 mm depending on the operator- 
selected position), 

- and above all, first-stage sludge 
compression, so as to curb lateral 
squeezing out at the start of the pressing 
phase. 
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2. Dewatering of sludge by filtration 


Sludge is then trapped between the 
lower (2) and upper (6) belts and under- 
goes a first pressing operation around a 
wide diameter perforated drum (7). 
The two, continuously driven belts then 
pass over a series of return rollers (8) 
with decreasing diameters, for gradual 
sludge pressurisation. The number of roll- 
ing operations is carefully selected so that 
dewatering is almost finished before 
action of the last roller. 


At outlet, the two belts separate after 
passing over the drive roller (9). The cake 
~ is dislodged by two doctor blades (10) for 
evacuation by conveyor belt or booster 


pump. 
Automatic tracking of belts is ensured 
by an air-actuated pinch roller (11). 


The two, wide-meshed belts are contin- 
uously cleaned in wash stations (12) by 





Figure 646. Superpress ST3. Width: 3 m. 


means of a pressurised spraying device 


calibrated at 4-6 bar. 


Simple adjustments allow adaptation 
of filter operation to sludge characteristics: 
- belt tension by pressure-adjustable 
pneumatic jacks (13), 

- drive speed of belts adjustable from 1 
to 4 m.min’, 

- flocculation energy adaptable by chang- 
ing the speed of the flocculator stirrer, 

— adjustment of the height of the sludge 
layer at entry to the pressing zone. 


The Superpress filter chassis has been 
engineered so as to enable: 
— good visualisation of the drainage zone, 
— easy access to mechanical workings. 
Belt widths of 1, 2 or 3 m allow a certain 
flexibility in the sizing of sludge treat- 
ment workshops. 
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2.5.2.2. Superpress SP and SPI 


Basic layout is the same as the ST ver- 
sion. Increased anticorrosive protection 
reduces maintenance costs for treatment 
of certain corrosive sludges. 

Pressing rollers are specially protected 
and many elements are made of stainless 


steel for greater ruggedness: flocculator, 


tanks, washers, perforated drum, draining 
roller, etc. 

Strengthening of the driving device 
means the system can accept highly cohe- 
sive sludges requiring greater pressing 
stresses (very fibrous sludges from paper 
mills and certain inorganic sludges). 

The SPI version includes a stainless 
steel chassis. 


2.5.2.3. Superpress SL (see figure 649) 


This system (l-m wide) which is a 
simplified version of the ST, allows a 
certain number of cost savings. The SL of- 
fers fewer rolling features. When the filter 
is used on colloidal sludge with low dry- 
ness limit levels (extended aeration sludge, 
for example), the reduction in pressing 
time has little influence on cake dryness 
(loss of 1 to 3 points in relation to the ST 
version). 

However, linear capacities of these fil- 
ters are often slightly reduced. The con- 
struction quality of the ST or SP version 
is maintained. 


2.5.2.4. Superpress HD 


The HD filter ensures excellent per- 
formance on highly cohesive sludge in se- 
vere industrial conditions. The filter’s 
robustness is specially suited to mechani- 
cal stresses. 


It reacts well to sludge with low com- 
pressibility coefficients and high dryness 
limit levels (mines, chemical and paper 
industries, etc.). It can also be used on 
other sludges (for example fibrous munic- 
ipal sludge) to increase filtration capac- 
ities and/or approach sludge dryness limit 
levels. On the other hand, gains in DS 
content on sludge of mainly biological ori- 
gins are average and barely justify the 
increase in capital costs. 

The Superpress HD (see figure 650) 
is different from the standard ST version 
by the following aspects: 


e construction 

— heavier chassis, 

— adapted belt driving mechanism, 

- bearing plate with a double row of roll- 
ers capable of withstanding longer, greater 
stresses generated in rolling operations, 

- anticorrosion feature identical to the SP 
and SPI series, 

—- 3 to 5 umes higher pressure applied to 
sludge. 


e process 

— active pressing surface over three times 
larger, 

— very gradual sludge pressurisation, 

— higher belt speeds (up to 6 m.min’') 
allowing an increase in capacities, 

- the squeezing device at the system’s 
outlet enables a gain of several dryness 
points, thanks to stronger applied pres- 
sures, 

The Superpress HD rolling module 
comprises three squeezing rollers posi- 
tioned on two large diameter rollers (see 
figure 652). 

Once the cake has been well dewatered, 
it undergoes additional compression by 
passing between rollers placed opposite 
each other. The spacing between these 
rollers is less than initial cake thickness 
(see figure 653). 


= 2. Dewatering of sludge by filtration 
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Figure 648. Superpress SP. 
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Figure 651. Three-dimensional computer-aided drawing of the Superpress HD. 
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The release of water is carried out alter- 
nately from one side, then the other, of 
the cake. 

The pressure applied to the squeezing 
rollers is carried out by air plug valves. It 


Figure 652. Superpress HD: squeezing device. 


is easily modified depending on the resist- 
ance of the sludge layer. 

This squeezing device is only used on 
sludge capable of withstanding additiona’ 
compression. 





Fixed spindle roller 









06 


§ ® Moving spindle roller 





Figure 653. Superpress HD. Linear pressure on the 
cake by two rollers in opposite positions. 


2. Dewatering of sludge by filtration 


2.5.2.5. Superpressdeg performance pilot enables streamlining of estimations. 


Production capacities of belt filters are 
There are no mathematical laws defin- _ expressed in kg of dry solids extracted per 
ing production capacities for the Super- metre of belt width and per hour. In prac- 
pressdeg system. Sizing is often a question _ tice, the notion of feed rate in m” per 
of experience acquired with similar sludge metre of belt width and per hour is also 
and confirmed by a few simple laboratory —_ used. 
tests for determining parameters such as Table 82 highlights the diversity of 
draining rates, DS after draining, resist- performance (capacities and above all DS 
ance to lateral squeezing, DS after press- levels) encountered in the main sludge 
ing. Pilot testing on an industrial-scale groups. 


Table 82. Superpressdeg performance. 














Sludge : 
Nature A ERR Is Superpressdeg | Capacity | DS content 


and origin of sludge S$ pI" version DS kg/m.h 

Standard ST 400 - 500 30 - 35 
or SP 500 - 700 28 - 32 

60 - 90 15-3 
onan | Me 
ST 250 - 400 25 - 31 
or SP 400 - 500 23 - 28 

50 - 60 3 5ienD 

400-550 | 26-33 

Mixed, fresh municipal 35-45 ST 150 - 300 20 - 26 hee 
% primary = 50% of SS or SP 250 - 400 18 - 23 

Digested, mixed municipal 20 - 30 ST 120 - 250 19-24 <6 
% primary = 50% of SS or SP 200 - 300 17-22 
ST 100 - 150 16-21 
ot SP 150 - 250 14-19 

4-7 


18 - 25 


ST 300 - 450 29-35 
or SP 400 - 700 26 - 32 
2-4 


60 - 80 


25 - 40 ST/SP 80 - 150 15 - 20 












Type 
of sludge 


Polyelectrolyte 
kg. SS 







Digested primary municipal 
VS < 50% of SS 





Mixed, fresh municipal 
% primary = 65% of 
SS (fibrous sludge) 














Extended aeration, 
municipal 





Physical-chemical municipal 
FeCl; dosage < 50 mg!" 











(Text./chem. indust.) 
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Table 82. (Contd.) 












Sludge 
concentration 
Ss gl" 


Organic Extended aeration: 20-25 ST 80 - 120 12-16 a 
hydrophilic | dairy SL 70 - 110 12-15 
SP/ST 250 - 350 23 - 30 
350 - 450 21 - 26 

30 - 40 0.5-2 


350 - 550 232 


Paper industry SP/ST 400 - 700 40 - 52 
(fibres = 20% of SS) 600 - 800 35 - 44 


Superpressdeg | Capacity | DS content | Polyelectrolyte 


Type Nature 
version DS kg/m.h kg. SS 


of sludge and origin of sludge 






Manufacture of chemical 


pulp 
(fibres > 80% of SS) 



















































































80 - 150 0.3 - 1.2 
HD 600 - 1000 43 - 54 
Paper industry SP/ST 300 - 450 29 - 37 
(fibres = 60% of SS) 450 - 600 26 - 33 
40 - 60 1-3 
HD 450 - 650 32 - 42 
Gas scrubbing 50 - 68 | 
Steel industry 0.3-15 
45 - 60 / 
Hydrophobic | Carbonate removal 55 - 65 
inorganic | 90% CaCOs, iron < 2% 0.2-1 
65 - 70 
Partial carbonate removal 350-500 | 30-38 | 
CaCO; = 65% of SS 1-2 
Iron = 5 to 10% of SS 500 - 600 34-42 
Clarification of very low SS 100 - 130 16 - 20 
water 2-3 
Al hydroxides = a 
40 to 50% of SS 80 - 100 15-19 
Hydrophilic | Argillaceous river water 
inorganic | clarification by Densadeg 
SS of RW = 50 - 100 mgt" 300 - 450 21-27 3-4 








Al hydroxides = 20% 
of SS 















Surface treatment 
Chromium plating 


20 SP/ST 100 - 140 18 - 24 2 to 3 + lime 
if req. 





2. Dewatering of sludge by filtration 


Flow rates treated by ST or SP filters 
are generally in the range of 6 to 
8 m’/m.h. With fibrous sludges figures 
can reach 10 to 15 m’/m.h. 


2.5.2.6. Improvement _of Superpress- 
deg capacities: preliminary draining 


Setting up of additional preliminary 
draining facilities, GDE for example (see 
page 930), after the Superpressdeg drain- 
ing zone allows: 

— increase in flow rates: for example, mu- 
- nicipal sludge with good cohesive capac- 
ities: 10 to 13 m°/m.h., or low-concentra- 
tion sludge from the paper industry: 20 to 
30 m’/m.h, 
— maintaining of sufficient capacities for 
low-concentration organic sludge. Prelimi- 
nary draining on the GDE screen enables 
filter feeding with 10-15 gl’ of sludge 
which can then be drawn off directly from 
the recirculation system of an activated 
sludge system. This allows treatment of 
non-fermented sludge, better DS content 
and elimination of concentration tanks. 











For this application, the GDE system is 
integrated in the Superpressdeg structure 
(see figures 654 and 655). 

It is advisable to use the GDE system 
rather than extending the length of filter 
drainage zone. Continuous scraping of the 
filter media avoids slowing down of drain- 
age through a sludge layer. 


2.5.2.7. Using the Superpressdeg sys- 


tem 


The conditioning installation (pipe 
injection of polymer) is extremely simple 
(see page 958). The installation of the fil- 
ter requires a small, single-storey build- 
ing. For total ease of use and mainte- 
nance, a belt filter workshop must be 
properly ventilated. Superpressdeg systems 
can be fitted with an exhaust fan that 
covers the whole of the upper part of the 
device. 


e Operation 
Keeping the roll of sludge upstream of 
the drainage roller (figure 645) achieves 








Figure 654. Skeleton diagram of the Superpressdeg system with an integrated GDE screen. 
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maximum evacuation of interstitial water 
by trituration. 


The filter must function without lateral 
squeezing out. To ensure optimal oper- 
ation, variations can be made to poly- 
electrolyte dosage, thickness of the cake on 
entry to the press and to the tension or 
speed of filter belts. 


Percentage recovery is maximal when 
the cake detaches properly from belts at 
filter outlet. 


With a belt filter, compromise between 
DS and capacity is a major objective. Ex- 
amples are given in Table 82: 

— to obtain maximum capacity, four 
parameters have to be adjusted: belt trav- 
el rates have to be faster (within lateral 
squeeze out limits), the thickness of the 
sludge layer on entry to the press increased 
(easy action on the draining roller) and if 
required, polymer dosage increased and 
filter belt tension lowered, 

— with a view to dryness limit, belt 
travel speed has to be reduced as much as 





Figure 655. Facility at Saint-Bon-Tarentaise, 


aS 


possible and, within authorised limits, 
pressure in the belt tension air plug valves 
should be increased. 


2.5.2.8. Operator-free_Superpressdeg 
operation 

Superpressdeg can function without 
operator surveillance due to system self- 
regulation from information provided by 
On-Off sensors. The aim of this auto- 
mated mode is to limit system surveil- 
lance as far as possible by automatic start- 
ing and stopping of the filter. Daily 
maintenance (washing, greasing) is car- 
ried out as normal. 

The regulation mode chosen (see page 
1144) is a “downstream” control based on 
the detection of three phenomena: lateral 
squeezing out, build-up of sludge in the 
drainage zone and rotation of the drainage 
roller (see figure 656). 


e “Downstream” control 

Causes of disturbance — Effect (dis- 
turbance) —> Fast detection of the dis- 
turbance —> Remedies (swift action). 


French Alps. Superpressdeg with an integrated GDE screen. 


2. Dewatering of sludge by filtration 


; Sludge build-up 
detection 








rotation 
detection 





Drainage roller 


Cake discharge 
(possible automatic 


Lateral squeeze 
out detector 


(oscillating blade) skip control) 


Figure 656. Positioning of sensors for Superpressdeg automation. 


This mode of control requires a rela- 
tively reasonable investment and is man- 
aged by a PLC. 

The information provided by three sen- 
sors (eight in all) enables automatic con- 
trol of sludge and/or polymer flow rate. 

Automatic control uses neither costly 
sludge concentration measurement appa- 
ratus nor flow meters. 


2.5.3. Belt filters for small 
purification facilities 


For small facilities producing difficult 
biological sludge (extended aeration, dairy 
industry, dyeing plant), “simplified” filters 
can be used to obtain easily shovelled 
sludge in spite of low DS levels. This type 
of filter requires a relatively moderate 
investment. 


2.5.3.1. The GDPresse (see figure 657) 
This is a GDE drainage screen followed 


by fast dewatering. Like the GDE, the 
GDPresse can be fed with diluted sludge 
so as to avoid installation of an intermedi- 
ary static thickener. 


The sludge is pipe flocculated by means 
of an MSC cyclonic static mixer (1) before 
being introduced onto the GDE screen 
(2). Following drainage, the sludge is pre- 
compacted by an equalizing roller (3) 
forming a forced wedge-shaped passage. 
The consistent sludge is carried along by a 
single belt (4), and then passes under a 
fixed roller (5) for dewatering. Pressing 
time is short and pressure relatively low. 


Belt tension adjustment is carried out 
by a spring (6). The thick belt is mechan- 
ically guided by flanges (7) at each roller. 


Suspended solids ane are in the 
region of 70 to 120 kg.h “' (1- “metre wide 
press) for a sludge at 10- 20 gl” and 30 to 
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60 kg.h” for sludge at 5-10 g.l' drawn points lower than those obtained on more 
directly from the aeration tank. sophisticated belt filters. 
DS levels (10 to 14%) are only 3 to 5 For liquid-form land disposal, the 

















1008 








Figure 658. The GDPresse. 


2. Dewatering of sludge by filtration 


GDPresse can easily be transformed intoa a filtration belt (2). A picket fence (3) 
draining table yielding thick sludge with allows better draining. Preliminary com- 
5-7% of SS. pacting is carried out by a roller (4). This 


produces a sludge layer with a thickness 
2.5.3.2. The T-Deg (see figures 659 of 2 to 3 cm. Final compacting is 


and 660) ensured by the roller (5) which rolls out 


This is a small, single-belt horizontal the sludge layer to a thickness of about 
filter: the flocculated sludge (1) falls onto 1 cm. 
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Figure 660. T-Deg. 
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T-Deg is in fact a draining table incor- 
porating a basic pressing system. The cake 
has a flaky appearance. 

DS levels of 9 to 12% are achieved on 
extended aeration sludge. Capacities (SS) 
remain average but sufficient for small, 
local-scale needs: 30 to 50 kg.h” for a 
1.2-m wide filter. 

The main advantage of the T-Deg is its 
ease of use with exceptional percentage 
recovery rates, provided flocculation is 
optimal. 


2.5.4, Mobile dewatering units 


Belt filters can be installed on road 
trailers which also house pumping and 
conditioning units (figure 661). 


Figure 661. Degrémont GDE + Superpress ST1 mobile unit. 


The advantage of such a system is that 
it can serve a number of small treatment 
facilities. It does, however, come up 
against several obstacles: 

- storage and efficient stabilisation of 
sludge, 

— adaptation for operation with different 
qualities of sludge, 

— winter weather conditions, 

— non-centralised management of differ- 
ent plants, 


- radius of operation limited to 20 km. 


Mobile dewatering units are easy to use 
within a single industrial complex (sludge 
coming from remote workshops). Belt fil- 
ters can, in certain cases, be replaced by 
centrifuges. 








3. Centrifugal separation 





3. CENTRIFUGAL SEPARATION 


The centrifuges that can be used in the 
treatment of waste sludge are continuous 
machines incorporating a horizontal axis 
cylindroconical bowl (see page 200), 
allowing: 

— continuous dewatering in compact 
enclosed premises to reduce smells and 
keep deodorisation costs to a minimum, 
- effective separation of solids on very 
difficult sludge (low concentration 
hydroxide sludge, certain highly organic 
~ sludge). Centrifuging is especially suitable 
for oily sludge, 

- reduced monitoring following the 
starting-up phase, on condition that 
sludge is sufficiently homogeneous. 

The utilisation of continuous cen- 
trifuges presents certain drawbacks: 

- soundproofing of the room, to be 
carefully studied in covered plants, 

- energy consumed is definitely greater 
than that for belt filters and filter 
presses, 

-— non-visualisation of the sludge dur- 
ing treatment and the need for slightly 


se 
OPERATING 
PARAMETERS 


3.1.1. Absolute velocity of the bowl, 
V4 


Settleability is directly proportional to 
the square of the rotation velocity of the 
bowl. The centrifugal fields applied range 
from 500 - 1,000 g (for large diameters) 
to 3,000 - 4,000 g (for smaller 
machines). 


more skilled labour to interpret the rea- 
sons for absence of extraction or poor sep- 
aration yield, 

- significant maintenance as abrasive 
sludge prematurely wears the screw. To 
slow down the process, most manu- 
facturers propose abrasion-proof coating 
for screw thread: pulverised tungsten car- 
bide, added sintered tungsten carbide 
tiles, chromium plating, etc. Furthermore, 
on most sludges (especially municipal), 
sand blasting is advised, preferably up- 
stream of a thickener and by cycloning 
methods presenting a removal threshold 
in the region of 50-80 um, 

- considerable mechanical stresses 
due to high rotor and scroll speeds. After 
each intervention on one or other of the 
two devices, recalibration is necessary, 

— relative sensitivity to sudden var- 
iations in quality and concentration of 
sludge and the need to determine the best 
combination of operating parameters: 
speed of scroll, bow! and height of the lig- 
uid ring. 


High Va values (rpm) allow an 
increase in flow rates and enhance com- 
pacting and DS content. On the other 
hand, they increase noise, wear, vibration 
and above all, lead to backflow of consis- 
tent, “creeping” sediments into the conical 
zone. Va can be modified by changing the 
driving pulley, or by a variable speed 
motor or hydraulic motor. 


3.1.2. Relative velocity, Vr 


Relative velocity is the difference in 
speed (rpm) between the bowl and the 
scroll. 
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This vital parameter determines the 
conveyance of sediment and compacting 
time. The difference in velocity between 
the scroll and bowl is generally obtained 
by planetary reducing gear. In order to 
avoid deterioration of the reducing gear, 
centrifuges are equipped with a torque 
limiter whose function is to cancel Vr and 
torque, when the latter achieves the au- 
thorised maximum value. 


Relative velocity can vary from 2 to 
20 rpm in most applications. Its increase 
means that the volumetric flow rate of 
sediment can be upped within the limits 
of scroll filling. Figure 662 shows var- 
iations in torque, DS levels and percent- 
age recovery in relation to Vr. 


The decrease in Vp produces drier sedi- 
ments, but it is always useful to carry out 
laboratory verification of liquid ring fill- 
ing rates in sediment so as to set certain 
lower limits for Vr and avoid jamming up 
of the extraction scroll. 


Vr setting can be carried out by remoy- 
able pulley, cone pulley, variable-speed 





belt, adjustable frequency drive or even 
hydraulic motor which allow easy adapta- 
tion to different sludge qualities (torque 
regulation possible). 


3.1.3. Liquid ring depth 


The depth of the liquid ring is adjust- 
able by moving the recovery louvres. 
These louvres are positioned in the fixed 
plate on the bowl at the top of the cylin- 
drical zone (figure 663). 


- A low liquid ring encourages dry- 
ness by freeing a drying area in the dry 
zone. The sediment, however, has to be 
sufficiently consistent when leaving the 
ring in order to overcome the extended 
effect of the backflow force due to bowl 
tapering. To improve DS content, certain 
manufacturers propose double tapering in 
the drying zone. 


2 - When the sediment is too loose and 
therefore sensitive to backflow in the dry 
zone, there are advantages in selecting a 
high liquid level so as to reduce the dry- 
ing zone as much as possible. 


} Turbulence 


Torque 
DS 


Percentage 
recovery 


Figure 662. Influence of Vr on operating conditions (tendencies). 


3. Centrifugal separation 


Extraction and therefore settling are 
improved to the detriment of DS content. 
The ease with which the liquid ring can 


Moving 
——_> 
plate 


1 Low liquid level 


2 High liquid level 


Figure 663. Adjustment of the liquid ring. 


jen: 
PERFORMANCE 


As with belt filters, it is vital to find 
the best possible polyelectrolyte as a very 
bulky, resistant floc must be obtained. In 
this case, the viscosity of interstitial liquid 
is of little importance as it does not have 
to cross any form of filtering support. 

It is difficult to interpret laboratory 
tests for predicting sludge behaviour dur- 
ing dynamic settling. This is due to the 
shearing forces and turbulence generated 
by the scroll. Nevertheless, it is possible to 
estimate DS (to within a few points) as 
well as possible flow rates by accounting 
- for the volume taken up by the sediment 
under the liquid ring (see page 199). It is, 





be set, conditions operational flexibility, 
especially in the case of sludge with incon- 
sistent textures. 


eal 


‘ 1 
Drying zone 





however, practically impossible to esti- 
mate the rheological behaviour of cen- 
trfuged sludge in the enclosed rotating 
area. A battery of industrial tests are nec- 
essary to identify optimum performance. 
The best way to evaluate correct oper- 
ation of a continuous centrifuge is by cal- 
culating the percentage recovery Tc: 


1- Cy (Cs - Ca) 
Ch (Cs = Gy) 


Tc = 


with: 

Ca = concentration of sludge at feed in % 
of SS 

Cs = DS content of sediment in % of DS 

C. = concentration in clarified liquid or 
centrate in % of SS. 
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1014 Figure 664. Facility in Saint-Brieuc, Western France. Two Guinard D4L centrifuges for dewatering of di- 
gested sludge (2 x 500 kg.h™' of DS), and two Guinard DAL centrifuges for thickening of biological sludge 
(2 X 15 mh"). 





Figure 665. Facility in Bologna, Italy. Capacity: 3 x 600 to 800 kg.h"' of DS. Dewatering of fresh, mixed 
sludge. 


3. Centrifugal separation 


This dedicated formula implies a dou- 
ble approximation in the measurement 
and expression of concentration but does 
not lead to any major errors in routine 
centrifuging operations. 


The centrifuge must normally be set to 
obtain a Tc in the region of 0.95 for a 
percentage recovery of 95%. 


Cake DS levels are similar to those 
obtained on a conventional belt filter. The 
range of possible DS levels is limited even 
. by modification of the different oper- 
ational parameters, sludge flow rates or 
reagent dosages. 


The depth of the liquid ring which sets 
the drying zone, is often the crucial 
parameter for determining the hydration 
rate of the sediment. Cakes generally have 
a “plastic” structure. 


5 fey 

THICKENING 
OF*EXCESS SLUDGE 
BY CENTRIFUGING 


Different constructions are used for this 
type of application: 
— conventional cylindroconical contin- 
uous centrifuges with specially adapted 
constructive and operational parameters 
(tapering, velocities, separating length, 
retaining discs in the tapering part, etc.), 
- specific continuous centrifuges (cylin- 
drical with nozzles, for example). 


With conventional machines, the 
degree of thickening obtained (4 to 6% 
DS) is better than with flotation. It is 
lower with nozzle machines (4 to 4.5%). 


In the tapered drying zone, certain 
machine designs include a device for com- 
pacting sediment and improving DS lev- 
els of fibrous sludge. Production capacities 
are not as high with this type of config- 
uration. 


Capacities are correlated to the diame- 
ter of the bowl. Other geometrical param- 
eters are also important. The hydraulic 
possibilities most frequently encountered 
are the following: 


Bowl diameter Flow rate 
cm mh? 


30'=35 


40 - 50 
60 - 70 
90 - 100 
110 - 120 





Specific centrifuges achieve regular DS 
contents of thickened sludge (especially 
nozzle-system machines). This is not 
always the case with conventional 
machines where DS content fluctuates 
with the solids flux rate. 


Installations are very compact, but cer- 
tain constraints must be taken into con- 
sideration: 

- high energy consumption: about 0.8 
to 1.2 kWh.m” * with polyelectrolyte and 
1.3 to 2 kWh.m” without, 

- relatively moderate hydraulic flow 
rate with conventional centrifuges if ac- 
ceptable clarification is to be achieved. 
The centrate remains loaded with fine, 
hardly settleable colloids, without re- 
agents, and generally contains between 
0.8 and 1.2 gI' of SS. 
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Flow rate is situated around 8-15 m’.h"! 
for a bowl having a diameter of 400 mm 
and 60-80 m’.h’ for a bowl with a 
1100-mm diameter. These centrifuges are 
not really adapted for sludge with very 
variable qualities as they require frequent 
changing of operating parameters (bowl 
and scroll velocities and liquid ring). Due 
to this constraint, the use of poly- 
electrolyte is sometimes necessary to sta- 
bilise separation yield and DS content. 
The SS content of centrates can be low- 
ered to less than 0.8 gl’ and outputs 
increased, 

- clarification is generally better 


3,4. 
OPERATION 


Apart from grit removal, screening (10 
to 15 mm) is sometimes useful for small 
centrifuges operating on very hetero- 
geneous sludges. In most cases, other sys- 
tems do not need this additional screening 
phase. However, it is generally used on 
diluted sludge upon entry to the thickener 
for protection of the pumping systems. 

Feeding of centrifuges must be as regu- 
lar as possible (positive displacement 
pump, often eccentric rotor type) as per- 
centage recovery is very dependent on flow 
variations which in turn influence floccu- 
lation quality. 


with specific centrifuges and poly- 
electrolyte addition less frequently 
required. However, fine straining must be 
programmed if the thickened sludge has to 
pass through orifices with small diameters 
(nozzles, for example). On low concentta- 
tion sludges, rates over 100 m*.h™' can be 
achieved with very large diameter bowls 
(1.2 to 1.4 m), 


- advantage of anaerobic digestion is that 
it ensures homogenisation of thickened 
sludge prior to dewatering. In this case, 
thickening rates must be limited to avoid 
poor mixing of highly viscous sludge. 


The installation can be entirely auto- 
mated: 
— permanent recording of the torque be- 
tween the scroll and bowl, and action on 
the relative velocity or the sludge pump, 
— measurement of centrate cloudiness, 
and action on the polymer dosage or on 
the sludge rate. Frequently occurring 
foaming can sometimes impair this meas- 
urement. 


For this type of installation it can be 
very useful to remotely control sludge and 
polymer pumps and therefore quickly cor- 
rect insufficient percentage recovery. 


Maintenance operations (disassembly) 
must be carried out by a specially trained 
machine operator. 
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4. DRYING - INCINERATION 





Drying, a term generally reserved for 
thermal drying, comprises evaporative 
removal of the interstitial water in sludge. 
Drying can be partial (residual water con- 
tent from 30 to 10%) or practically toral 
(water content from 5 to 10%). 


Incineration not only totally removes 
the interstitial water but also leads to 
combustion of the organic matter con- 
tained in the sludge. Incineration is a 
process that yields residues with the low- 
est masses: ash consisting of nothing but 
the inorganic content of the sludge. 


The incineration process also includes a 
drying phase prior to inflammation of the 
combustible organic part of the sludge. 


Thermal drying alone is only worth 
considering if the end product can be 
reclaimed for soil improvement or if dis- 
charge conditions impose solid structure 
waste. Energy recovery is generally sought 
to ensure evaporation: for example, bio- 


4.1. 
HEAT BALANCE 


In the case of straightforward drying, 
all the heat comes from an outside source 
and requires the consumption of fuel. 

In the case of incineration, the sub- 
stantial amount of heat provided by com- 
bustion of the organic matter in sludge 
may, in certain circumstances, be suffi- 


gas or hot gas from an incineration fur- 
nace. 


Drying and incineration are generally 
applied to sludge that has undergone pre- 
liminary dewatering as mechanical re- 
moval of water is more economical than 
evaporation. In some cases, however, 
water from liquid sludge can be evap- 
orated directly (by drying or incineration): 
- low volume of concentrated liquors 
which are more economical to destroy by 
combustion than by biological treatment, 
- utilisation of low-priced fuels: used sol- 
vents from certain organic chemical in- 
dustries, used oils, etc., 

— mixed combustion with other residues 
ensure added heat: refuse, for example. 


The high costs involved in thermal en- 
ergy lead to limited use of these processes 
of direct removal of liquid sludge. 


Chapter 8, subchapter 7, looks at a few 
fundamental thermal notions. 


cient to supply all the thermal units 
needed to sustain combustion; the sludge 
is then said to be spontaneously com- 
bustible. With sewage sludge containing 
70% organic matter, the limit of sponta- 
neous combustibility lies between 72% 
and 62% humidity according to the type 
of incinerator, but above all, according to 
the degree of recovery of combustion 
smoke enthalpy. 
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The heat balance is the vital element 
in determining the characteristics of a fur- 
nace. It allows optimum sizing and assess- 
ment of running costs. 

A whole set of analyses on different 
types of municipal sludge give the follow- 
ing average composition of organic mat- 


ter: 









Combustion 
Combustion air 
- Sludge = 
excess air 


at Tp 


— Fuel oil 


Combustion 
gas sensible 
heat 

— Smoke 
at Tc 

— Excess air 
at Tc 





The NCV of municipal sludge generally 
lies between 4,500 and 6,000 kcal.kg” 
VS. 

The heat balance is the sum of posi- 
tive terms, corresponding to the quantity 
of heat let off by combustible products or 
added by combustion products, and neg- 
ative terms corresponding to the quan- 
tity of heat absorbed by combustion prod- 
ucts, evaporation of water, ash and the 
furnace. 


4.1.1. General formulation 


As a general rule, heat balance can be 
established as shown in figure 665b. 








Sensible 






Thermal 
heat at Tc 
losses 
of water — Ash 
contained Furnace 





in sludge 


(P + F) + i (PVp + FVg) CaTp = (PVc + FVc) CeTc + (y-1) {PVg + FV} CaTc + = AH,0 + 0.05 (P + F) 


Figure 665b. Heat balance of sludge incineration. 


with 

P: NCV of dry sludge 

F: Fuel make-up 

y: Coefficient of excess air (stoichiometric combustion, Y = 1) 
Vp: Combustion capacity of sludge 

VE: Combustion capacity of fuel 

Ch Specific air heat 

Tp: Combustion air temperature 

Ve: Smoke-generating capacity of sludge 


Ve: Smoke-generating capacity of fuel 


Cr: Specific heat of smoke 


Tc: Temperature of smoke at reactor outlet (often combustion temperature) 


S: Sludge DS 


AHu,0: Difference of water enthalpy between 20°C and Tc 
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4.1.2. Example of a simplified cal- 
culation 


A simplified balance in kcal.h™ is es- 
tablished as follows: 
Heat input CE = (Qy x NCV) + {(EXA 
+ Vpy) x 0.242 x Tr] 
Heat output CS = [0.301 x Tc x (Qs + 
Vav + Quo + EXA)} + (Qupo x 586) 
Thermal losses PTH = 10° 
If CE < CS + PTH: mandatory addition 


of external fuel 
If CE > CS + PTH: system self-heating 







with: 
Qy: mass of volatile solids for incineration 
in kg.h"! 
NCY: net calorific value of volatile solids 
(kcal.kg™ VS) 
Vay: combustion capacity of VS in kg 
air.h”', with the following simplified for- 
mula: 
NCV 
1000 
EXA: mass of excess air in kg air.h”' with 
the simplified following formula: 
EXA = (VFH + 1.244 Quz9) ox To, e187 
(0.209 - T.,) 
To,: rate of oxygen in wet flue gas (exam- 
ple at 7%: To, = 0.07) 
VFH: volume of wet flue gas in Nm’.h”’ 
(simplified formula: 
VFH = Vey x 0.76) 
Vev: smoke-generating capacity of VS in 
kg of smoke.h™ (Vey = Qv + Vay) 
Qs: mass of DS to be incinerated in kg.h™ 
Quo: quantity of water for evaporation in 
Any 





Vay = Qv x x 1.405 


Cy: nominal load of furnace in kilo- 
grammes of cake.h” 

K: coefficient according to the type of fur- 
nace: 


- fluidised bed K = 35 


— multiple-hearth pyrolysis furnace, outer 
shell K = 26 

— multiple-hearth pyrolysis furnace, inner 
shell K = 29 

Note: the areas of application for this 
simplified balance are: 

— municipal wastewater sludge, 

- 4,000 < NCV < 6,000 (kcal.kg™' VS), 
- fluidised bed furnace or multiple- 
hearth pyrolysis furnace, 

- furnace load between 1 and 10 t.h™ of 
cake, 

- Tc between 750 and 950°C, 

- Tp max. 550°C in fluidised bed, max. 
630°C in pyrolysis furnace, 

- PTH accuracy: + 20% 

— heat balance accuracy + 6%. 

To limit energy costs, the flow rate of 
air should be as close as possible to com- 
bustion capacity. In practice, however, it 
is difficult to get below 30 to 40% of 
excess ait. Depending on the technology 
of incineration units (and mainly the 
recovery of hot gases), the heat supplied 
for evaporation alone will lie between 
5,000 and 7,500 kJ.kg™' of water (1,200 
to 1,800 kcal.kg"'). 

Figure 666 shows the spontaneous 
combustibility zone of the sludge accord- 


; VSE. ns 
ing to its moisture level and ro ratio on 


an industrial-scale operation basis. 

For the protection of the environment, 
however, legislation increasingly imposes a 
rise in smoke temperature of up to 700- 
900°C as well as a relatively high mini- 
mum oxygen rate so as to guarantee total 
oxidation of organic matter. These 
demands degrade the furnace heat balance 
and the following aspects have to be care- 
fully tracked: 

— preliminary dewatering of sludge, 
— recovery of heat on hot smoke which is 
more or less dust loaded. 


1019 _- 


1020 


Chap. 19: Sludge treatment 


Not=ro202€ 
E = 30 - 100% 


2 Tg=750°C 
E = 30 - 100% 

3 Tg = 400°C 
E = 40 - 70% 


NCV = 5,500 kcal.kg' OM 
T, = Temperature of flue gas at outlet 





E = Excess of air in % of the theoretical combustion air (6.5 Nm’.kg™ OM) 


Figure 666. Spontaneous combustion zones. 


4.2. 


MAIN COMPONENTS 
OF A DRYING OR 
INCINERATION PLANT 


The drier and the furnace are not the 
only components of a drying or inciner- 
ation plant. The main units are as follows: 


e the sludge feeder 

— with or without regulating storage 
facilities, with extractor, 

— with or without crusher, 

— by conveyor belt, endless chain-type 
trough conveyor, force-feed displacement 
pump. 

ethe drier or/and the furnace 
proper 


e the ventilation system(s) 
— conveying drying gas or air, combus- 


tion gas or air, fluidisation air, various 
cooling airs, 

- for operation at positive or negative 
pressure, 

— with one or several admission points to 
the drying/incineration unit. 


e the heat recovery unit(s) often nec- 
essary for drying or combustion gas: com- 
bustion air heater, recovery boiler for pro- 
duction of vapour or superheated water, 
economiser on the final, low-heat circuit 
for production of hot water. 


e auxiliary heat source 
— outside or inside the unit (with 
make-up and starting burners). 


ethe drying/incineration unit 
control facility: temperatures, nega- 
tive-positive pressures, oxygen in smoke, 
sludge rate, air rate, etc. 
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e dust control 


- by cyclone, preferably on partly cooled 
smoke, 


— wet type (spraying, Venturi scrubber, 
ete); 


— electrostatic. 


4.3. 
DRYING 


When the interstitial water is removed 
from sludge in an oven at constant tem- 
perature, there are basically two drying 
periods (figure 667): 

— aconstant rate period (zone 1) during 
which the partial pressure of the liquid 
evaporating on the surface of the material 
is equal to the vapour pressure at the 
temperature concerned. The water 
migrates from the inside to the surface. 
All the capillary water is evacuated, 

— a falling-rate period (zone 2) corre- 
sponding to in-depth vapour pressure var- 
iation caused by the temperature gradient 


ZONE 1 
Drying rate 
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Figure 667. Sludge drying phases. 


e ash disposal 

— continuous or intermittent, 

- dry, in enclosed containers, 

— hydraulic (by pumping suspension 
with concentration of less than 200- 
300 gl’), 

— wetted in open containers. 


from the surface to the core of the mate- 
rial. The vapour formed is diffused 
through the boundary surface layer. Dur- 
ing this phase, the extracted water has a 
much higher binding energy. 


With hygroscopic materials, in which 
water content is retained essentially by 
adsorptive or osmotic forces, zone 2 repre- 
sents the typical drying pattern. This is 
frequently the case with municipal waste- 
water sludge, particularly if the sludge has 
been dewatered mechanically. 


When drying is complete, the material 
has the same moisture content as the am- 
bient medium in the drier. 


With industrial driers, it is not worth 


Temperature 


air temperature 


Product tempera 
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aiming to obtain residual moisture con- 
tent of less than 5%. If the dried mate- 
rial is then stored in the open, even when 
protected from rain and snow, it is likely 
to take up more water with the humidity 
of the atmosphere. 


The degree of vaporisation increases 
as: 
— partial vapour pressure in the sur- 
rounding air decreases (as the temper- 
ature is higher), 
- the surface area of the material is 
more developed, 
- the renewal frequency of this surface 
in contact with the heat source increases. 


Drying can be direct with sludge in 
contact with combustion gas, or indirect 
with heat addition solely by exchange 
surface (steam-heated in most industrial 
indirect driers). 


Drying can also lead to obtaining ster- 
ilised sludge. Heat sources are diverse 
and preferably of recovered origin: bio- 
gas, steam produced in incineration unit 
reheaters or hot gases produced by waste 
combustion (household refuse, bark, 
etc.). 


All driers are sized with respect to the 
quantity of water for evaporation. Where 
biogas is used, it is recommended that a 
safety back-up source be close by (nat- 
ural gas, oil) for starting up the installa- 
tion and ensuring flexible operating con- 
ditions. 


4.3.1. Indirect drying 


This technique uses driers comprising 
a stationary cylindrical shell which is 


often heated. Several rotors rotate inside 
the shell. They support different hollow 
mixing devices in which pressurised 
steam circulates (or more rarely, an oil 
heat transfer medium). 


The absence of contact between the 
heating fluid and the sludge enables sup- 
pression of all odour problems. 
Indeed, the production of unpleasant 
smelling vapours is greatly reduced and 
purification is easier and more efficient. 


The vapours are very rich in water 
(low air flow used for circulation in the 
enclosed area) and are easily condensed. 
This condensation allows recovery of a 
considerable quantity of heat (hot water 
at 70-80°C) which can be used in the 
heating of digestion sludge, for example. 


Low volume (5 to 10% of vapour 
volume), unpleasant smelling non-con- 
densible gases are burned in the steam 
production boiler or in the incineration 
unit coupled to the drier (household 
refuse or sludge furnace). 


Vapours contain a small quantity of 
dust particles that are easily removed by 
cycloning. 


Indirect thermal drying facilities also 
offer the advantage of being compact, 
fairly silent and generally clean. 


The main problem to avoid with this 
type of drier is the sticking of sludge to 
the walls and rotor as this provokes jam- 
ming and poor heat transfer. 


Most processes require recycling of 
dried matter so as to feed the drier with 
a mixture offering a 45% DS content. 
This DS level enables by-passing of the 
sticky plastic phase that characterises the 
large majority of organic sludge treated 
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by centrifuging or belt filter methods. 
With certain types of sludge, this recy- 
cling phase may be avoided. 


A good illustration of this technique is 
the Naratherm process. 


4.3.1.1. The Naratherm process 


e Description of the drier (see figure 
668). 

The drier comprises a steam-heated 
shell (1) in which two parallel shafts 
_ rotate in opposite directions (2). Along 
their entire length, these shafts support 
hollow paddles (3) comprising variable 
thickness half discs fitted with scrapers. 
The steam (4) also passes into the interior 
of each rotor and each mixing paddle. 

The product for drying is mixed, bro- 
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Figure 668. Diagram of the Naratherm drier. 


Screw 


ken up and scraped. These processes take 
place in a spiral formation. 

Rotor revolution speed is fairly slow at 
10 to 20 rpm. 

Having crossed the slightly inclined 
drier, the dried sludge leaves the device 
via the adjustable overflow (5). This 
means the filling rate of the thermal 
enclosure can be adjusted as required. 

Drying times are in the region of one 
hour and mean that this well mixed drier 
is relatively insensitive to flow variations. 

DS content of the final product can be 
modified by injection of more or less 
steam. It can be easily regulated at 65 to 
95%. Beyond 75-80%, the dry product is 
finely broken up. Over 90% the product 
becomes powdery. Post-granulation is 
possible depending on the requirements of 
final utilisation. 


Condensed steam 
SECTION 


Dry product 
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e Description of an installation (see 
figure 670) 

Sludge (1) is fed into a mixing screw 
(2) where it is mixed with dried recycled 
sludge. This sludge can be the fine residue 
from dried sludge straining. The mixture 
(40 to 50% DS content) then enters the 
drier. 

The sludge comes out (4) at about 80- 
100°C and is generally cooled in a double- 
walled screw (5). Recycling (3) of dried 
sludge is variable depending on the qual- 
ity of sludge to be dried. 

To ensure proper circulation in the up- 
per part of the drier, gases (and added air) 
are recycled. After cycloning (6) whereby 
fine dust particles are retained, this mix- 
ture of recycled gases and evaporated 
water passes through a condensation 


1024 column (7). 


Non-tecycled incondensible gases and 
added sweeping air are generally evac- 
uated to the boiler. 


Steam circulates in a closed-loop cir- 





Figure 669. Naratherm drier during factory assembly. 


cuit; condensates return to the boiler; 
pressures at entry to the drier are in the 
region of 12 bar. 


Different sensors enable control of the 
thermal drying installation: vapour pres- 
sure, negative pressure in the enclosed ar- 
ea, flow of sludge for drying, DS level of 
dried sludge, temperature, etc. 


Heating surfaces can cover 200 m’. 
Steam consumption is in the region of 1.3 
to 1.5 kg per kg of water for evaporation. 
Thus, taking into consideration circuit 
losses, energy consumption is 800 to 
900 kcal per kg of evaporated water. 


The evaporation per m° of global heat- 
ing surface is some 12 to 14 kg of water 
per m’ per hour. 


The drier is generally built of stainless 
steel. The Naratherm system is relatively 
easy to use: fast, full-load start-up, limited 
surveillance. Maintenance consists of 
replacing wear parts and if required, 
recoating the first discs of the rotor if 
sludge is abrasive. 
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Figure 670. Diagram illustrating a Naratherm installation. 


4.3.1.2. Other driers incorporating the 
same operating principle can also be used. 
Internal rotor technology is different: 


— single-shaft rotor driving multiple bun- 
dles of spiral-wound tubes, 


— single-shaft rotor driving large hollow 
discs in a parallel configuration, 


- rotor with blades rotating at a high 
speed and projecting sludge in a thin layer 
on a heating jacket. This drier is used for 
preliminary drying operations (DS con- 
tent 45-55%), which are usually followed 
by a second stage (pump impeller, for ex- 
ample), to provide DS levels up to 90%. 
This system is more costly, avoids recy- 
cling of the dried product but requires 
very regular sludge feed. 


4.3.2. Direct drying 


Evaporation of water takes place by 
direct contact of the sludge with hot gases. 
Extracted gases are made up of evap- 
oration water and drying gases. This 
smoke has an unpleasant smell and is 
voluminous. Costly installations are 
needed for dust removal (high quantity of 
fine dust), scrubbing and deodorisation 
(chemical procedure or-by incineration in 
an afterburning chamber). 


4.3.2.1. Rotary drier 
(see figure 671) 

This is the most widespread technique 
used in direct drying. The source of energy 
can be combustion gases from a gas boiler 
(most frequently biogas) or from a refuse 
boiler (bark, for example). It can also be 
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hot gases from an incineration furnace 
(usually household refuse). 


The drier comprises a rotating cylin- 
der (1 to 2.5-metre diameter and ten or 
so metres long), slightly inclined to the 
horizontal. This cylinder is generally sup- 
ported by two riding rings mounted on 
thrust rolls and bearings. 


The inside of the cylinder is equipped 
with various devices ensuring mixing 
and slow forward motion of moist 
sludge during drying, for example: 

— cylinder divided into a series of com- 
partments by baffles thereby forcing 
sludge to take a staggered course through 
the cylinder, 

— three-diameter cylinder comprising 
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Figure 671. Example of a cocurrent rotary drier. 


Screw 


three horizontal cylinders laid out in a 
concentric configuration: the sludge to be 
dried has a forced passage from the inter- 
nal cylinder to the external cylinder, 

- cement kiln-type cylinder fitted with 
flaps in the first part then tillers for 
breaking lumps and finally, blades for 
improving heat exchange. 


Fan extracted hot gases (120-200°C) 
are first of all freed of dust by cycloning. 
Odours are then removed in an after- 
burning chamber at a temperature of 
800-900°C (with possible recovery on air 
heater apparatus) or sent to the household 
refuse incinerator if the two units are con- 
nected. In the first case, additional final 
wet removal of dust is generally necessary 
to comply with discharge standards. 


Afterburning 


(or deodorising) (exchanger, if req.) 
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Figure 672. Facility in Modena, Italy. Capacity: 25 t.d' of dry solids. Rotary drier. 


Odours from hot gases can also be 
removed by wet processes, but the large, 
multi-stage installation is less efficient 
than afterburning. 


In the drier, hot gases circulate in the 
opposite direction to sludge for drying 
(countercurrent mode) or in the same 
direction (cocurrent mode). 


In countercurrent drying, sludge can 
be sent to the drum in the form of a rela- 
tively moist sediment (85 to 70% water 
content). On the other hand, the hottest 
gases are in contact with the driest sludge 
and so inlet temperatures must be limited 
to 400-450°C. 


Cocurrent drying allows the use of 
combustion gases at ‘high temperatures 
(600-700°C); but in order to avoid “crust- 
ing” and sticking problems, it is vital to 
ensure efficient mixing of moist sludge 
with the recycled dry product so as to send 
a well broken-up product to the drier. 
Moisture content at this stage should be 
close to 50%. 


Improvement in the physical structure 
of sludge before drying (breaking up into 
lumps of a few millimetres) is vital for 
production of hard granules of 2 to 4 mm 


which are easy to store and handle. At 
drier outlet, sludge is strained; fines and 
coarsely ground lumps are recycled. Gran- 
ules which maintain 15% dust, are 
stocked for agricultural, landscaping or 
even energy recycling purposes. 

The production of granules in adequate 
quantities often requires very close mon- 
itoring of the installation and more espe- 
cially, frequent visual control of the sludge 
mix upon entry to the drier. 

The main operating parameters are 
sludge flow rate and gas temperatures. 

In comparison with indirect drying, 
direct drying requires greater precautions: 
risk of unpleasant smelling smoke, greater 
heat loss, lengthy setting up, noise, less 
flexible modification of dewatering rate 
(85 to 95% DS) and slightly higher en- 
ergy consumption when using afterburn- 
ing procedures. 

On the other hand, units can present 
higher capacities: evaporation of 4 to 5 
tonnes of water per hour for a drum 2.2 
to 2.5 metres in diameter. 


4.3.2.2. Other direct driers 


Fluidised bed drier: this is a convec- 
tion drier in which broken up sludge con- 
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stitutes a relatively thick fluidised bed, 
above a floor. A well distributed flow of 
steam or hot gases crosses this floor 
through apertures or nozzles. 

Sludge preparation prior to entry to the 
drying chamber is essential. High recycle 
rate of dry products in properly adapted 
mixer/granulators is important for 
obtaining small lumps of porous, low- 
density sludge measuring just a few milli- 
metres. During the drying process, the 
lumps of sludge lose some of their bulk 
density and are ejected from the drier 


4.4. 
INCINERATION 


4.4.1, Rotary furnace 


This furnace can function either as a 
drier (see page 1025) or as an incinerator. 

The furnace operates in countercurrent 
mode. The whole unit works under nega- 
tive pressure produced by the combustion 
ait blowers. The furnace is controlled by 
the outlet temperature of gases (about 
300°C). 

The intrinsic thermal efficiency of these 
units is fairly high but the following 
points should be carefully considered: 

- external losses by thermal radiation are 
relatively high, 

- lack of flexibility with respect to flow 
and DS variations (the firing zone must 
be maintained in the refractory-lined sec- 
tion of the furnace), 

- discharge of unpleasant smelling 
smoke, requiring cycloning and careful 
scrubbing (as rates are high, it is difficult 
to achieve total deodorisation), 

— ash recovered at the lower end of the 
furnace is fairly heterogeneous. 


either by overflow or the mechanical 
advance system. 

This drier is often coupled with an 
incineration unit. These units require spe- 
cial operation monitoring. 

“Flash drier”: this is a drier in 
which the entering sludge, mixed with 
previously dried sludge, is ground and 
then sprayed into a vertical stack 
through which the hot gases flow at 
600-700°C. 

Multiple-hearth furnace (see para- 
graph 4.4.2). 


Running the furnace presents no spe- 
cial problems. It should preferably operate 
continuously, as setting up is lengthy and 
heat consumption high at each start-up 
procedure. Combustion of screening waste 
is possible with this type of furnace. 


4.4.2. Multiple-hearth furnace 


This type of furnace is well-adapted to 
sludge treatment: 
— ease of use for combustion processes, 
— evacuation of almost all dry ash in the 
bottom of the furnace. Combustion 
smoke, therefore, is very lightly loaded 
which facilitates reliable heat recovery 
both during operation and maintenance, 
— possibility of incinerating coarse waste 
matter (screenings, paper-mill waste, etc). 


4.4.2.1. Conventional multiple-hearth 


furnace 


This furnace (see figure 673) comprises 
a set of hearths (1) over which the prod- 
ucts descend in succession. The product 
moves from one hearth to the next by a 
set of rotary scrapers (2) driven by a verti- 
cal centre shaft (3) coupled to a drive unit 
external (4) to the furnace. 
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Figure 673. Diagram showing a multiple-hearth furnace (external chamber for pre-heating of air or hearth 
burners — afterburning integrated in combustion zone if required). 
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This furnace operates in countercurrent 
mode and therefore has high thermal effi- 
ciency. The outlet temperature of gases 
(5) is close to 400-500°C while that of the 
sludge at the upper drying levels should 
not exceed 70°C if smoke is not to contain 
non-burned organic residue. 


Sludge cakes are dried gradually in the 
three or four upper hearths (to a moisture 
content of 30 to 20%). They then fall on 
to the combustion hearths (6) in a highly 
oxidising atmosphere where organic mat- 
ter is completely ignited at a temperature 
of 750 to 850°C. 


The lower hearths collect the ash (7) 
which is partially cooled in contact with 
the combustion air. Ash is directly evac- 
uated by chain or bucket conveyor. De- 
pending on the size of the furnace, exter- 
nal ash cooling is sometimes necessary: 





closed tank screw with a double jacket for 
circulation of cold water. 

The main advantages of this type of 
furnace are the following: 
— combustion gas has a very low dust con- 
tent: simple wet scrubbing (Venturi scrub- 
ber and impingement scrubber) reduces 
dust content to less than 150 mg.Nm”, 





Figure 675. Organic matter combustion hearth. 





Figure 674. Facility at Bergisch-Gladbach, Germany, for the Zanders paper mill. Sludge incineration in 


multiple-hearth furnace (7) with a diameter of 5.1 m. 
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— acceptable heat balance due to: 


- stable operation (low sensitivity to 
flow variations and long retention time 
of solids in furnace - 3 to 4 hours), 


* recitculation of cooling air in the cen- 


tral shaft, 


- partial reheating of gases as a result 
of ash cooling in the lower part of the 
furnace, 


* countercurrent operation (reduced 
losses by sensible smoke heat), 


— stable operation at distinctly lower 
~ loads than the nominal load (up to 30%). 
This means the heat balance is slightly 
affected, but the furnace can function 
continuously, 


- relatively moderate electrical energy 
consumption, 


— possibility of incinerating at fairly low 
temperatures (750-800°C) to avoid over- 
melting of certain types of ash from in- 
dustrial sludge, 


— simple, flexible regulation: considerable 
variation in air flow possible, easy adjust- 
ment of temperatures by acting on hearth 
burners or adjusting the temperature of 
the combustion air if there is an external 
chamber for pre-heating of air, 


— few precautions to take for sludge feed- 
ing (a simple chain conveyor is adequate 
for breaking up filter press cakes). 


On the other hand, there are a number 
of drawbacks: 


— furnaces have great thermal inertia 
which means slow set-up and considerable 
heat make-up at start-up. It is therefore 
best to use this furnace continuously or 
with short stoppages only, 


- relatively high excess of air (50 to 
80%). This does not alter the heat balance 





in any way due to the countercurrent op- 
erating mode, 

— heat recovery difficult to justify (heavy 
investment) with low temperature smoke 
(400°C), but more especially, 

- risk of discharging unpleasant smell- 
ing smoke into the atmosphere by the 
carrying away of unburned organic prod- 
ucts, inevitable in certain municipal or in- 
dustrial sludge. Efficient deodorising 
requires afterburning at 700-900°C which 
is detrimental to the heat balance: inde- 
pendent afterburning chamber or furnace- 
integrated chamber. 


The largest multiple-hearth furnace 
units reach 8 metres in diameter and can 
include up to 12 levels. Specific feed rates 
are in the region of 40 to 60 kg of raw 
product per m’ of hearth surface per hour. 


The largest units can therefore inciner- 
ate 15 to 20 tonnes of cake per hour. This 
rate corresponds to evaporation capacities 
of more than 10 tonnes of water pet hour 
(15 to 25 kg of water per m’ of effective 
heating surface per hour). 


Multiple-hearth furnaces can be used 
as driers with lateral removal of the dry 
product at the level of the lower drying 
hearth. They may also be implemented 
for: 

— regeneration of granular activated car- 
bon (operating in a reducing atmosphere 
with added steam), 

— recycling of lime sludge (recovery of 
quick lime). 


4.4.2.2. Pyrolysis-combustion multi- 
ple-hearth furnace 


e The principle behind pyrolysis 
In the strictest sense, pyrolysis (see fig- 

ure 676) consists of decomposition at 

high temperatures, (800-1,000°C) of or- 
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ganic matter away from the oxygen in the 
air. This transformation produces: 


— a residual solid phase containing a cer- 
tain proportion of coke called “fixed car- 
bon”, 


-— a gaseous phase containing steam, 
CO, N2, combustible gases such as H2, 


CH4, C2H4, CO as well as condensible 
carbon compounds. 


Pyrolysis of predewatered waste sludge 
aims first and foremost to destroy the 
sludge without any energy recovery in the 
form of a solid fuel. The technique used is 
therefore quite different from the pyrolysis 
processes used in the petroleum or coal in- 
dustries. Furthermore, the quality of the 
raw product is different: presence of ox- 
ygen (about 30% of organic matter) and 
relatively high moisture content. 


Loss of weight P (%) 





Neutral atmosphere (N,) 


e Pyrolysis-combustion 

Pyrolysis-combustion of cakes corre- 
sponds to drying and preliminary pyrolysis 
of organic matter by using the heat 
released by combustion (in the presence of 
oxygen) of the non-gasified part of the or- 
ganic carbon. 


The multiple-hearth furnace is ideal for 
this process due to the slow conveyance of 
the product from the top to the bottom of 
the furnace: 

- cake drying, 

- gradual heating of organic matter, 

- pyrolysis of volatile solids in low O2 at- 
mosphere with the heat yielded by the 
lower hearths, 

- combustion of pyrolysates (“fixed car- 
bon”) or even utilisation of energy exter- 
nal to the system for providing heat to the 
upper hearths. 


Oxidising 
atmosphere 
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Figure 676. Diagram showing pyrolysis-combustion obtained with a laboratory thermobalance under nitro- 


gen and then oxygen. 
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Figure 678. Fixed carbon combustion zone in a py- 
rolysis-combustion multiple-hearth furnace. 


Pyrolysis gases are burned in an after- 
burning chamber. Recovered heat can be 
used for: 

— heating combustion air, 
— producing steam and hot water. 


Using a multiple-hearth pyrolysis-com- 
bustion furnace is indeed complex but 
presents an array of advantages: 

— risk of odours is eliminated, due to 
the rise in temperature of afterburning 
flue gas (750-900°C) in an oxidising at- 
mosphere, 

— energy recovery facilitated on smoke 
enthalpy: little dust (very reliable, high- 
performance heat exchangers) and high 
smoke temperatures, 

— considerable reduction of necessary 
excess air for combustion. The rate of 
excess air may drop to 15-20%, thereby 
improving the heat balance. Legislation in 
some areas imposes a relatively high rate 
of oxygen in smoke. This results in oper- 
ation with excess air rates being pushed 
beyond the limits authorised by the proc- 
ess, 


— reduction in the volume of smoke, 
thereby allowing smaller furnaces and 
scrubbing configurations. However, the 
cost of the assembly is higher than a con- 
ventional multiple-hearth furnace due to 
afterburning, heat recovery and more so- 
phisticated control. 


e Utilisation of the pyrolysis-com- 
bustion multiple-hearth furnace 
(see figure 677). 

The construction of the multiple- 
hearth furnace is similar to that used for 
integral combustion. However, all input 
of unwanted air must be avoided. 

The installation comprises: 

— a multiple-hearth furnace (1), 

— an afterburning chamber (2) at 750- 
900°C, 

- a flue gas/air heat exchanger, generally 
finned radiating type, (supplied with recy- 
cled air from the central shaft of the fur- 
nace), 

-— a recovery boiler (4) supplying mid- 
pressure steam at 15 bar and allowing a 
reduction in flue gas temperature to un- 
der 300°C, 

- a simplified flue gas scrubbing 
assembly comprising: 

- a Venturi scrubber (5), 

- a sctubbing tower (6) with addition 

of chemical agents if required for neu- 

tralising SO2, HF, etc. 


The furnace assembly is self-regulating 
with monitoring of: temperature and flue 
gas oxygen content, positive and negative 
pressure of circuits, heating of combustion 
air, drawing off of smoke at different 
hearth levels. 


4.4.3, Fluidised bed incinerators 


Fluidised bed incinerators offer the fol- 
lowing advantages: 


4. Drying - Incineration 








Figure 679. Photograph showing a fluidised bed incinerator. 


- total deodorising of flue gas which 
leaves the incineration chamber at very 
high temperatures (850-900°C), 

— no moving mechanical parts in contact 
with the hot gases, 

= operation with relatively low excess air 
rates (about 40% in practice), 

— intermittent operation mode possible. 


The fluidised bed incinerator is well 
adapted to night stoppage with low fuel 
make-up at morning start-up resulting 
from: 

— the low volume and confined character 
of the incineration chamber, 

— considerable calorific reserve of the 
refractory mass and sand mass. 


Setting up times which have to be 


compatible with careful temperature 
adjustment of the refractory lining, are 
relatively short. 


4.4.3.1. Principle of the fluidised bed 


A fluidised bed (see figure 680) is a 
closed, generally cylindrical vertical cham- 
ber, containing a very hot bed of sand 
(750-850°C). The bed is held in suspen- 
sion by a rising flow of air injected at the 
base through a distribution grid 
equipped with a number of diffusers. 


Sand bed depth at rest varies from 0.5 
to 0.8 metres. Sludge is injected into the 
bed itself (screw or force-feed pump), or 
introduced through the upper part of the 
furnace. The bed of sand has both a ther- 


mal and mechanical role (breaking up of 
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lumps of dewatered cake). Air flow must 
ensure fluidisation of the material and 
addition of oxygen necessary for combus- 
tion. It must not, however, cause the sand 
to blow away. For this reason, air flow 
through the grid is only variable within a 
narrow adjustment range. 

Drying and gasification take place in 
the sand bed. A fairly large amount of 
fine, dried solids and volatile solids com- 
plete combustion in the freeboard zone 
above the fluidised bed where temper- 


Moist cakes 


Preheating burner 


rc -----> 


§ Injection tubes 


© Air preheater 


Fuel oil 


Combustion air heating 
by flue gas/air exchanger 





atures are in the region of 900°C. This is 
about 100 to 150°C higher than in the 
bed itself. An injection of “secondary 
air’ is often feasible at this stage. 

The higher the moisture content of 
the sludge to be burned, the more 
evenly the sludge flow and any make-up 
heat must be distributed over the bed 
surface. 

Any necessary external energy 
addition can be carried out in several 
ways: 


To recuperator exchanger 
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Figure 680. Diagram showing the fluidised bed principle. 
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— combustion air preheating chamber be- 
fore transfer into the wind box under the 
grid, 

— additional and (or) start-up burner 
located above the fluidised bed, 

— direct injection tubes into the bed (fuel 
oil, gas, or even used oils). 


All burned matter is in the form of fly ash 
in the flue gas that leaves the furnace at a 
temperature of 800-900°C. Recovery of this 
inorganic ash can take place in several ways: 
- dry disposal by a cyclone and/or an 
electrostatic filter preceded by one or sev- 
eral cooling devices (flue gas/combustion 
air exchanger, water cooler, etc.) (see fig- 
ure 681), 
— wet disposal: 

- cyclone treatment (after cooling) fol- 

lowed by wet scrubbing (Venturi 

scrubber, water curtain device, counter- 

current impingement plate scrubbing 

tower), 


Combustion air 
blower (in ~ 
Centrifuged 
sludge 
Biogas Pana 1 


(or fuel oil) 


Exchanger 


Injection 2 


tubes 
O Cooler 


Used oils 





- wet scrubbing alone (after ex- 
changer), followed by lagooning, static 
thickening or multicycloning of ash- 
laden water charged with 1-4% of sus- 
pended solids. 


The thixotropic nature of the product 
can cause certain problems of disposal if a 
minimum level of DS is not achieved. 


4.4.3.2. Operation 


The fluidised bed technique imposes a 
certain number of precautions: 


e Heat recovery 

Heat recovery from flue gas, necessary 
for effective thermal efficiency, is applied: 
- for heating combustion air. The 
temperature of this heated air must be 


compatible with the thermal resistance of _1037_ 


the fluidisation grid (heated air temper- 
atures between 450 and 650°C), 


Electrostatic filter 
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Figure 681. The Roche facility in Switzerland, for the towns of Vevey and Montreux. Sludge incineration. 


Diagram of the facility with a fluidised bed furnace. 
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- for steam production. As with the 
multiple-hearth furnace equipped with 
afterburning facilities, steam can be eas- 
ily reused in a sludge predrier (para- 
graph 4.3.1) and for thermal condition- 
ing of sludge. The drier-furnace 
combination is useful as it improves: 
- the global heat balance of the 
installation (incineration possible with 
moister cakes), 
- the capacity of the furnace as with 
drier sludge, flue gas volume is less, 
- for hot water production, by set- 
ting up an economiser downstream of 
preceding recuperators (heating of build- 
ings, digesters, etc.). 


Special attention must be paid to 
the choice of recuperator technology. 
This is due to the fact that flue gas con- 
tains a high dust load (continuous blast- 
ing dust removal, for example). 


Fluidised bed heat recovery requires 
carefully monitored maintenance. 


e Wet scrubbing 

If flue gas has not undergone prelimi- 
nary dust removal, wet scrubbing must 
be considered with care so as to reduce 
deposits and concretion especially in 
cases where high quantities of lime have 
been used for sludge conditioning. 


e Operation 

Fluidised beds can only operate at 
loads that are fairly close to the nominal 
rate (at least 70%), otherwise the heat 
balance will be seriously impaired. 


Electricity consumption in a fluidised 
bed is relatively high as fluidisation air 
pressure must overcome head losses 
through grid and sand bed. 


The fluidised bed can accept sludge of 
varying qualities, but as solids stay in 
the furnace for a short time only, accu- 
rate regulation of temperature, positive 
and negative pressure, and oxygen rate is 
indispensable. 


e Waste introduction 

Combustion of voluminous waste 
(especially from screening) is not really a 
viable proposition except with furnaces 
incorporating an upper feed hopper. 


On the other hand, grease from pre- 
liminary treatment (preferably homoge- 
nised and preheated) can be introduced 
easily. 


e Ash melting 

According to the characteristics of the 
sludge to be treated, precautions should 
be taken against possible overmelting of 
ash in the presence of silica (formation 
of flux leading to compaction of the 
bed). This vitrification phenomenon can 
be a real threat with sludge having a 
high saline content (presence of Na, K 
in excessively high quantities). 


Fluidised bed furnaces are constructed 
for diameters greater than 10 m (more 
than 90 m* of grid surface), presenting 
evaporation capacities of more than 25 
tonnes of water per hour (more than 
300 kg of water per m* of grid surface 
per hour). 


The combination of a multiple-heath 
furnace used as a drier and located in 
the freeboard zone of a fluidised bed 
furnace presents several advantages: 
enhancement of the heat balance, greater 
stability, reduction in the size of the 
combustion chamber. 
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Figure 682. Facility at Pernis, the Netherlands, for Shell. Complex refinery. Fluidised bed furnace. Capac- 


ity: 8.5 .d" of dry solids. 


4.4.4. Spray furnace 


Sludge undergoes preliminary drying 
ptior to injection. These furnaces are 
designed with a single chamber lined with 
refractory material and equipped with a 
spray burner. 

These installation projects require seri- 
ous safety precautions especially when 
smoke is recycled directly into the drying 
circuit (“thermal loop’): 

— safety measures on the dust circuits 
(dried sludge) to avoid return of flame 
and subsequent explosion, 

— total regulation with short response 
times, 

— consistent quality of sludge (NCV and 
moisture content). 

The spraying of moist sludge is also 
possible (15-20% DS) with specially de- 
veloped burners. In this case, as flow rates 
are low, it is worth seeking inexpensive 
heat sources (hot smoke from household 
refuse furnaces). 
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4.4.5. Sludge and household refuse 


As sludge and household refuse are 
wastes produced by the same urban area, 
it is often feasible to look at ways of treat- 
ing them simultaneously. Figure 683 
illustrates the different combinations 
available. 


Sanitary landfill is often difficult to 
put into operation if cakes are not of a solid 
consistency (filter press cakes, for example). 

Compost, refined by straining, is often 
difficult to dispose of. 

On the other hand, combustion of 
household refuse allows the use of excess 
calories (1,200 to 2,000 kcal.kg” of raw 
household refuse) to overcome sludge 
combustion deficiency (500 to 800 kcal. 
kg” of cake). This combined treatment of 
sludge and household refuse, however, 
dictates special care in technological 
choices: 

- the most simple process for direct 
incorporation of sludge cakes in the 
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household refuse collection pit is to be 
avoided (plastic reaction and non-homo- 
geneous mix), 

— direct injection of sufficiently dry cakes 
(>20% DS) above the grate of a house- 
hold refuse furnace is possible but with an 
adapted distribution and breaking up sys- 
tem (rates of 20 to 25% of household 
refuse weight are possible), 

— the injection of thickened sludge 
(10-15% DS) through specific sprayers 
has enjoyed limited success. The rates of 
treated sludge are mediocre, 

— another promising possibility is the 
recovery of excess calories for preliminary 
drying of sludge cakes (20-30% DS): 


e recovery of hot gases on a direct drier, 
with return of drying smoke to the grate. 
This means there is total furnace and 
drier dependence and it is difficult to per- 
fectly synchronise the variations in quan- 


TREATMENT 


tity of sludge and household refuse 
throughout the year; in any case, oper- 
ation of a “thermal loop” remains delicate, 
e recovery of steam to supply an indirect 
drier. This combination is easier to han- 
dle. The dried sludge is sent, in the case of 
incineration, to the very hearth of the 
household refuse furnace (pneumatic 
means) or into the feed hopper (partial 
drying at 70-80% DS to avoid dust). 


A dual sludge/household refuse proj- 
ect requires serious cost-containment 
research: storage and transport of dewa- 
tered sludge, proportions of sludge to 
household refuse per population equiv- 
alent and per day (average production of 
1 kg of household refuse for 2 to 4 litres 
of thickened sludge), policies for close 
installation of the rwo units, heat balance, 
back-up energy source to separate the two 
procedures if required. 
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Figure 683. Joint sludge-household refuse treatment. 
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5. Other treatment for dewatered sludge 


5. OTHER TREATMENT FOR DEWATERED 


SLUDGE 





Dake 
COMPOST PREPARATION 


Sanitary landfill of dewatered sludge 

(generally with household refuse) or direct 
recycling for agricultural purposes, are 
often the least costly means of final dis- 
posal. However, this can pose a certain 
number of problems for decision makers 
in treatment plants or landfill areas as 
well as farmers: 
- problems of storing, handling and 
transporting sticky sludge cakes with a 
plastic texture (DS frequently in the 
region of 15 to 25%). This consistent 
structure generally hinders proper oper- 
ation of landfill rollers and land spreaders, 
— reticence linked to the presence of path- 
ogenic germs, odours and the aspect of 
certain sludge. 


Composting of dewatered sludge 
with a structuring carbonaceous sup- 
port can facilitate disposal of waste 
organic sludge. Indeed this requires addi- 
tional investment but the process enables: 
— production of a “dry” product that 
does not need thorough preliminary 
dewatering. The sludge with its solid 
structure is easily stored over long periods. 
The compost can be transported to land 
that only accommodates products with 
high DS levels, 

— production of a humified, sanitised 
organic soil improvement agent 
adapted for market gardening, flower gar- 
dening, nurseries, viniculture, sylviculture, 


restructuring of eroded soil and spreading 
on large-scale cultures if heavy metal con- 
tent is acceptable. 


Marketing of the final product requires 
an in-depth preliminary market survey as 
well as checking that there is an abundant, 
low-cost source of carbonaceous support 
close to prospective utilisation areas. 


5.1.1. Principles and conditions 
of use 


Composting is the decomposition and 
stabilisation, by aerobic thermophilic bio- 
logical processes, of the organic substrates 
contained in solid waste (see figure 684). 


This degradation by various microor- 
ganisms (see figure 685) is accompanied 
by a rise in temperatures reaching 70°C. 
This means there is destruction of 
pathogenic germs and a decrease in 
the moisture content of the product. 


Preferably, composting is applied to 
fresh sludge (rich in organic matter and 
nitrogen) but can also be used for digested 
or aerobic stabilised sludge. 


Special precautions must be taken with 
storage and handling of non-stabilised 
dewatered sludge. 


The environmental conditions for 
compost preparation are the following: 
- microflora exists in a natural state in 
sludge. Seeding is therefore unnecessary, 
- the pH level is not a fundamental 
parameter for satisfactory composting as 





1042 


Chap. 19: Sludge treatment 





Glucides 
Proteins 
Lipids 


Hemicellulose 
Cellulose 
Lignin 

Wax, tannins 


(decreasing biodegradability) 


Organic matter 


Salts, hydroxides 
trace elements 


Sands, loams 
Clays 


Mineral 
matter 


Composition of 
sludge + carbonaceous support mixture 








Microbial bodies 


Neoformed organic matte 
(colloidal prehumic sub- 
stances) 


Residual organic 
matter 
Mineral matter 


Compost composition 








Figure 684. Variation in organic matter during composting. 
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Figure 685. Active microorganisms during composting. 


it quickly adjusts to between 6.5 and 8 
(acidification at the beginning of the 
process, then alkalinisation by ammonia 
formation and removal of CO) by aer- 
ation). Even sludge that has undergone 


physical-chemical municipal wastewater 
treatment can be composted, 

— the optimum moisture content from 
the start is in the region of 55 to 65%, 
— the thermodynamic balance must 


5. Other treatment for dewatered sludge 


allow both composting and partial drying 
by evaporation. 

Evaporation may require more than 80% 
of composting energy needs. Most of the 
time, the ratio of water weight to degrad- 
able organic matter must be maintained 
at less than 10, 

- aeration is only efficient if the envi- 
ronment is permeable to air. As dewa- 
tered sludge often has low porosity levels, 
it is vital to add a swelling agent, gener- 
ally represented by the carbonaceous sup- 
port (20% void to be achieved in the mix- 
_ ture). 

Aeration enables addition of oxygen for 
biological oxidation, but also evacuation 
of the steam released in the compost 
mass. Dewatering by air circulation is as 
efficient as good weather conditions. 


e Nutritional balance 

The C/N ratio regulates microbial 
dynamics. At the beginning of the com- 
post process, C/N should be about 30. 
The C/N ratio of sludge (about 10) is to 
be re-balanced with a high C/N carbon 
source (260 for sawdust). The other ele- 
ments (P, Ca, Mg, trace elements) are 
present in sufficient quantities in the 
sludge. 


5.1.2. Choice of the carbonaceous 
support 


The support plays several roles: 
- swelling agent (non-organic swelling 
agents such as shredded tyres or pieces of 
plastic are also used and recovered after 
separation), 
- carbonaceous soil improvement, 
— sponge to absorb a part of sludge mots- 
ture and improve its structure. 


A whole range of organic supports is 
used: not only sawdust (very widely used) 
but also wood shavings or wood tips, 
ground bark, chopped straw, marc, flax 
and maize cobs, sometimes sorted house- 
hold refuse, etc. 


To keep carbon purchasing expenses to 
a minimum, the following are used more 
and more frequently: 
- recycling of partially dewatered com- 
post, 
— recovery by separation of coarse sup- 
ports (wood shavings, bark, etc.). 


The initial moisture content of dewa- 
tered sludge determines the quantities of 
support needed: for a cake with a 20% DS 
content, about three volumes of support 
are needed (fresh, recycled or compost 
product) for one volume of sludge. 


9.1.3. Ripening 


After all compost process (more or less 
lengthy depending on the technique 
used), and before agricultural use it 1s 
necessary to stabilise the mixture by a pe- 
riod of ripening (generally in windrows) of 
two to three months during which the 
product is periodically turned. The C/N 
ratio and the pH level drop and nitrogen 
becomes nitrified. It is during this period 
that the humification phenomenon 
emerges. 


5.1.4. Main sludge compost proce- 
dures 

Procedures can be divided into two 
groups: 


ein the open air 
— in windrows with mechanical turning 
by appropriate machines, 
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SECTION AA 





1- Blowers 

2- Manifold 

3- Side walls 

4- Travelling bridge 

5- Mixer-disperser 

6- Drum-separator 

7- Coproduct pit 

8- Grab 

9- Coproduct hopper 
10- Compost recovery hopper 
11- Coproduct metering hopper 
12- Coproduct recycle 
13- Elevator-conveyor 
14- Elevator 
15- Compost skips 


SECTION BB 





Figure 686. Diagram showing thermoposting. 


5. Other treatment for dewatered sludge 


eby forced aeration (blown or 
sucked air) 

— composting in aerated heap, 

— accelerated composting (in about ten 
days, either continuously or intermittently) 
in closed reactors such as vertical concrete 
cells, rotating cylinders, etc. 


5.1.5. Thermoposting 
(see figure 686) 

Thermoposting is a cost-conscious 
method based on the aerated heap process 
and well-controlled composting and drying 

procedures. 

_ The composting reactor comprises a 
single parallelepipedic cell, 5 to 10 
metres wide for a height of about 2.5 
metres. In some cases, the length of the cell 
may reach nearly 100 metres. The reactor 
can be housed in a building. The cell is 
pressurised by a series of blowers (1) which 
suck air through a manifold (2) sunk into 
the bottom of the cell. 

The side walls (3) of the cell are made of 
concrete and support a runway for travel of 
a variable speed, self-propelled, travelling 
bridge (4). 

The following key elements are located 
on the travelling bridge: 

— a mixer-disperser (5), mixing cakes of 
dewatered sludge with the coarse carbo- 
naceous support (fresh or recycled). Once 
the mixture has crumbled, it falls into the 
cell to form a windrow, 

— adrum-separator (6) fed from the cell 
by an elevator conveyor recovering the 
final product and separating the coarse car- 
bonaceous support from the fine «ther- 
moposted» product. 

During the composting process which 
lasts about 4 weeks, control of fermentation 
and drying is ensured by adjustment of the 
rate of air sucked through the heap. This is 
carried out with respect to temperatures and 
reaction time. Thanks to recycling, the con- 


sumption of carbonaceous support is 
reduced. DS content of the final product 
reaches 55% or more (60-65%) if certain 
conditions, such as aeration of windrows, 
are adopted at the end of composting. In a 
more economical variation on thermo- 
posting, composting and drying reactions 
take place in specially designed skips allow- 
ing direct disposal (with minimum han- 
dling operations) and avoiding spreading 
windrows in the open air. 


5.1.6. The Triga reactor 


The Triga reactor is a large, accelerated 
compost reactor combining forced aeration 
and timely turning procedures (see figure 
687). 

The well homogenised mixture of dewa- 
tered sludge and carbonaceous support is 
directed by conveyor (1) to the top of the re- 
actor. The reactor comprises a cylindrical 
vertical column (2) made of reinforced con- 
crete and divided into four equally-sized 
cells. A free, circular passage common to the 
four cells runs around the base of the reactor 
to allow complete rotation of the lower 
extraction screw (3) and air admission. 

The extraction screw (3), moved by a 
powerful hydraulic motor gear (4) directs 
the product to the centre of the column (5) 
where it then falls onto a conveyor belt (6). 
The screw has a dual function: 

— turning: the composting product is sent 
to the top of the cell for loosening and aer- 
ation, 

— disposal of the final compost product for 
transport to the ripening area. 

Air is sucked from bottom to top by 
four blowers (7) (one per cell). Oxygen and 
temperature rates are controlled during 
this process. Vapour can be condensed and 
scrubbed (for ammonia especially). 

Other phases such as filling, turning 
and extraction are automated. Figure 689 
shows a complete installation. 
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Figure 687. The Triga reactor. 


Das 

MISCELLANEOUS 

TREATMENT PROCESSES 
Other sludge treatment processes are 

also used but for experimental purposes. 

9.2.1, Sludge recycling by worm 


culture 
(frequently referred to as worm composting) 





This form of treatment is based on the 
breeding of earth worms on sludge cakes 
which, if required, are mixed with greasy 
waste from the purification plant. The 
worms grow to the detriment of the organic 
matter, which stabilises into a product 
called “worm compost”. 

A number of technical precautions have 
to be taken, as the worms are very sensitive 
to the lack of oxygen, cold temperatures, 
excess heat, lack of moisture, etc. 


5. Other treatment for dewatered sludge 





Figure 688. Facility at Saint-Palais, South-Western France. Capacity: 9,000 connes of cakes per year. Two 


Triga compost columns. 
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1 - Collection of hydrocarbon products. 7 - Reactor extraction conveyor. 

2 - Collection of sludge. 8 - Return conveyor. 

3 - Mixer. 9 - Dual direction conveyor (recycling and dispos- 
4 - Reactor feed conveyor. al). 

5 - Recovery and revolving chute conveyor. 10 - Chute by-pass. 

6 - Reactor. 11 - Packaging. 


12 - Conveyor to truck. 


Figure 689. Triga installation diagram. 
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These demands mean that breeding has 
to take place in thin layers in open air 
windrows (0.4-m high for a width of 
1.2 m). Some 15,000 to 30,000 worms 
are needed per m’. 

The windrow remains in place for 6 to 
12 months, after which the “composted” 
sludge is separated from the worms. 

There is no sanitisation by temperature 
rise. 

Technological development of the proc- 
ess still has to be carried out, especially 
worm composting quality improvement. 
Two other aspects have to be carefully 
considered; firstly, reduction in labour and 
secondly, reliability of performance. 
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ak 
“Ops reactor 
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We e 
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Non-liquefied and coked OM 
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Worm culture on purification sludge 1s 
still biologically sensitive and worm com- 
posting does not always achieve the de- 
sired results. 


5.2.2. Production of combustible 
oils from sludge 


_ Generating energy from waste sludge is 
now possible and proven in the industrial 
environment with methane, steam, high- 
temperature gas, hot water, etc. The en- 
ergy produced, however, must be reused 
immediately, which also makes rational 
handling a delicate matter. 

The generation of storable energy is 
also an interesting future perspective. 


— 


Solvent 
make-up 


Recycling 


Solvent 
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Figure 690. CIRTA/LE-Dumez patent for sludge liquefaction. 


5. Other treatment for dewatered sludge 


Experiments are almost all based on 
transformation reactions of organic matter 
in sludge at high temperatures in the 
absence of On. 


Conversion products of organic matter 
include highly calorific, more or less heavy 
oils, and tar residues (carbonisation). 
These are also calorific but to a lesser 
degree. The main processes tested are: 


1. Those using pyrolysis. 

— Pressurised reactor at about 300°C 
(with catalyst) under an H2, No, etc. at- 
mosphere, 

- Specially adapted reactor, comprising a 
first, volatilisation zone and a second zone 
for reaction (450°C). In this second zone, 
volatilised recycled gas from the first zone 
undergoes conversion reactions when in 
contact with the residual tar. Oil is recov- 
ered by vapour condensation. This reactor 
operates at low pressures. It is fed with 
thermally predried sludge in the presence 
of a catalyst, if required. 


2. Those using liquefaction of organic 
matter with solvents at more moderate 
temperatures. 

— Atmospheric pressure reactor heated to 
a temperature of 200-300°C in which the 
thermally predried cake is mixed with 
polyaromatic solvents and bituminous 
products. The ratio of sludge dry solids to 
solvent is often quite high: 1 or some- 
times 1.5 (see figure 690). 

- Very-high-pressure reactor with sol- 
vents and catalysts on liquid or predewa- 
tered sludge. 


The problem with these liquefaction 
processes lies in the reliability of recovery 
and recycling of solvents and the sep- 
aration of oils and tar. 


All these conversion processes have rel- 
atively moderate oil yield: 20 to 60% of 


organic matter transformed into oil de- 
pending on the type of sludge and type of 
reaction. The possible future development 
of these fairly sophisticated processes ob- 
viously depends on energy costs and eco- 
nomic comparison with conventional 
incineration practices. 


5.2.3. Formation of lightweight 


aggregates 

Lightweight aggregates are generally 
natural products (volcanic lava, such as 
pozzuolana) or products manufactured 
from specially fired clays or fly ash from 
iron and steel works. These aggregates are 
used in the manufacture of lightweight 
concretes. 


It is possible to manufacture such 
aggregates using waste sludge. The indus- 
trial process is described below: 

— dewatering and partial drying (DS con- 
tent 35-40%), 

— addition of ash (DS content 55%), 

— manufacture of 1-3-mm small pieces 
in a granulating drum (pelletisation), 

— direct thermal drying by hot gases 
(90% DS content), 

— sintering of small dried pieces in a 
40-cm layer by very high temperature 
combustion. A very strong current of air 
crosses the layer from top to bottom 
(temperature at about 1200°C). The dry 
pieces soften on the surface and stick 
together (approximately 10-cm chunks), 
— fast, aggressive cooling, 

- crushing and stabilisation (erosion) of 
aggregates, 

— separation. 


The investment for such an installation 
is high and operating conditions relatively 
difficult: odour, dust, maintenance, com- 
plexity. The economic advantage of such a 
process has not been proved as yet. 
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STORAGE AND FEEDING OF REAGENTS 


Numerous chemicals are used in water 
treatment processes. These chemicals can 
either be: 

- Specific: 

Coagulants: aluminium or iron salts, etc. 
Oxidizing and disinfecting agents: 
chlorine, etc. 

Flocculants: polyelectrolytes, additives, 
etc. 


Adsorbents: activated carbon, etc. 
— General: 
Bases: caustic soda, lime, etc. 
Acids: sulphuric and hydrochloric acids, 
etc. 

The salient features of a wide range of 
reagents are discussed in Chapter 8, sub- 
chapter 3. 


1. GENERAL CONDITIONS 


Joke 


PACKAGING - 
CONDITIONING 


The packaging and conditioning of a 
given reagent are dependent mainly on: 
— the form (solid, liquid, gaseous); 

— the nature (corrosion, preservation); 

— the conditions of transport (individual 
expendable or returnable packagings, 
bulk); 

— the conditions of unloading and storage 
(tanks, silos and containers for medium 
and large quantities, bags, drums, and 
palletized jerrycans for smaller quantities). 

The most common forms of packaging 
are as follows: 


- Liquid reagents 


- Polyethylene drums or jerrycans hold- 
ing 20 and 30 litres. 
— Square 800-litre plastic containers that 
can be handled directly by fork-lift truck. 
Such containers can be emptied 
through the top (carboy tilter), by gravity 
through an orifice in the lower part of the 
container fitted with a standard 50 mm 
quick-fit coupling attached to a hose, or 
by pressurized air (1 bar or more). 


- Solid reagents 


- 25 or 50 kg palletized bags. 

— Metal or plastic drums, or cardboard 
drums for reagents such as anhydrous fer- 
ric chloride. 
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Figure 691. “Big Bag” container. 


- “Big Bag’ high-volume containers with - Gaseous reagents 

integrated pallets. See Figure 691. Liquefied gases, such as chlorine, 
Dimensions: 90 x 90 x 210 cm. ammonia, or carbon dioxide, are con- 
Capacity: about | tonne. tained in pressurized metal cylinders (ver- 
High-strength woven polyethylene bag. tical) or tanks (horizontal). See Figure 
Gravity emptying. 692. 








1. Gas phase. 2. Liquid phase. 
Figure 692. Horizontal tank. 


1. General conditions 


The liquid and gas phases exist in a 
state of equilibrium at the vapour pres- 
sure Corresponding to the reagent temper- 
ature (6 to 9 bar at 20°C for chlorine and 
ammonia, 60 bar for carbon dioxide). 

When using cylinders, it is important 
to remove only the gas. Therefore, the 


| tae 
LOCATION 


Reagent storage, preparation, metering, 
and feeding units are positioned in ac- 
cordance with the following consider- 
ations: 


: Integrity of the reagents 


Storage units must protect the products 
against frost, heat, light, or adverse 
weather. By way of example: 


- solutions of concentrated caustic soda 
crystallize at ambient temperature. The 
corresponding tanks must be located in 
premises that are heated or suitably 
steam-traced and insulated. 50% caustic 
soda solutions crystallize at 10°C (refer to 
crystallization curve, Page 497); 


— when storing and transporting crystal- 
lized ferric chloride (FeCl;.6H2O), it is 
important to avoid temperatures higher 
than 37°C, at which the product melts 
before hardening when it cools; 


— units used to store chlorine must be 
protected against sunlight, particularly in 
hot regions. Around 70°C, the expanding 
liquid fills the space at the top of the con- 
tainer. There is then a danger that the 
container will explode with a sudden 





cylinders must only be used in a vertical 
position. Horizontal tanks can be used 
to withdraw the gas phase by opening the 
upper of the two vertically aligned taps 
only, or large quantities of the liquid 
phase, which are then channelled to an 
evaporator. 


vaporization of deadly chlorine gas. Prem- 
ises must be heated in winter. Heat from 
an external source is required to: 


‘sustain the flow of gaseous product, 


‘avoid liquefaction in the channels, 
which would damage the chlorinators; 


— Javel water decomposes when exposed 
to sunlight or heat. 


- Ease of use 


— Gravity flow is used wherever possible, 
particularly with products in powdered 
form. 


— One notable exception concerns the 
storage of dangerous liquid reagents 
(acids, bases), which must not be stored 
at height, unless special precautions are 
taken, and must on no account be stored 
above areas frequented by staff or occu- 
pied by machinery. 

— Pipes conveying corrosive products 


should not pass above electric hardware, 
such as motors or control switchboards. 


- Nuisances 


— Wherever possible, units holding chlo- 
rine should be located at a safe distance, 
or at least separate from, other installa- 
tions. 


— Premises where lime and activated car- 
bon powder are handled must be sealed 
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off by tight partitions, doors, and win- 
dows. 

The premises are usually fitted out 
with a system to extract and filter dust- 
laden air. 

- The automatic preparation of pow- 


dered flocculants must always take place 
in perfectly dry places, since solid floccula- 
tion agents are highly hygroscopic. 

- Control switchboards must be located 
in dry premises that are protected against 
dust from powdered reagents. 





Leds 
STORAGE UNIT DESIGN 


The size of the storage areas and units 
(silos and tanks) is dependent on the local 
conditions of supply. 

The objectives are as follows: 

— to avoid running out of stock by allow- 
ing for the time taken to ship certain 
products to the region concerned; 

— tO minimize transportation costs, the 
storage units must be a simple multiple 


1.4. 
TRANSPORTATION - 
UNLOADING - 
TRANSFERRING 


Unloading packaged reagents on pal- 
lets involves no particular difficulties, 
provided that a fork-lift truck and a pallet 
stacker are available. 

Handling bulk products is more diffi- 
cult, but is economically advantageous 
when dealing with large quantities. 

- Powdered products (lime, activated 
carbon) ate fluidized and pneumatically 
unloaded into closed silos from vehicles 


of the capacity of one lorry- or truck-load. 


Most common reagents in France 
(lime, acids, liquid caustic soda, ferric 
chloride, aluminium sulphate, etc.) can be 
shipped by tanker truck in maximum 
unit capacities of some 24 tonnes. 

Liquid chlorine is delivered: 

— in 5, 15, 30, and 50 kg cylinders; 
- in 500 and 1000 kg drums. 


These containers are given the stamp of 
approval of the French “Service des 
Mines” at 30 bar. 


fitted with pressurized tanks. The air used 
to convey the powder is dedusted and dis- 
charged into the open air. Air-powered 
unloading avoids the dust nuisances 
caused by mechanical means, which are 
used only with highly irregular powders, 
e.g., poor quality lime. 


— Liquid products are handled by grav- 
ity means, by compressed air, or by 
pumps. Tankers are usually fitted with 
their own compressors or pumps. 


For safety reasons, compressed air sys- 
tems are gradually being replaced by 
pumps when transferring or unloading 
corrosive products. 


1. General conditions 


b35; 
ACCESS 


The quality of the water treatment 
process depends on the regularity and the 
accuracy of the reagent feeding. 

It is therefore important that the prem- 
ises housing the storage, preparation, and 
feeding facilities be easily accessible to all 
operators, who may be called on to per- 
form the following operations: 


» Visual inspections 

- of reagent injection points; 

— of the effective circulation of vital re- 
agents. 


- Manual settings 

- of the feeding instruments; 

- of the monitoring and control instru- 
ments (pH meters, flowmeters, etc.). 


- Dissolving of powdered reagents 
contained in bags 


1.6. 
MATERIALS 


Table 83 lists the materials most com- 
monly used to store liquid reagents. 


The following points are worth noting: 


— plastics, polyethylene and PVC in par- 
ticular, are frequently used to store corto- 
sive liquids; 

— reinforced polyester is well suited to 
making silos holding lime and other pow- 
dered products, because it is wholly non- 
degradable and is sufficiently smooth to 
allow products to flow freely; 


- aluminium sulphate; 
— slaked lime; 


— flocculants. 


* Maintenance and dismantling 

- of valves and taps in the metering 
pumps; 

- of diaphragms, meters, and valves on 
the piping; 

- of reagent injection rods. 


‘ Cleaning premises and equipment 
- collection of wash water and drain 
water with sloping floor and drainage pit; 
- anti-skid floors in areas where viscous 
flocculant solutions are prepared. 


Accessibility is also achieved by 
improving the ergonomics: 
— equipment readouts and instruments 
should be positioned at eye-level; 
- suitable means should be provided to 
facilitate the handling of heavy bags or 
drums. 


- plain carbon steel is both inexpensive 
and has the right mechanical properties to 
make high-volume tanks for: 


* caustic soda (<50%) at less than 
50°C; 

‘ concentrated sulphuric acid (at 
least 92%), provided that there is not 
the slightest trace of humidity. The 
vent must be protected by a des- 
iccant; 


- plain carbon steel, and even stainless 
steel, must not come into contact with 
any of the common chlorine-containing 
reagents (ferric chloride, hypochlorites, 
hydrochloric acid, or chlorine gas in the 
presence of humidity). 
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Table 83 - Usages of different materials in the storage of reagents. 







Materials and 
coverings 





Concrete 
tank with 
no 
covering 












No 


covering 
















Sulphuric acid 
H2SO4 < 20% 
92% < H2SO«4 < 98% Xx 


Hydrochloric acid 


Caustic soda NaOH < 50% 
t < 50°C 


Sodium silicate x X 







Aluminium sulphate 
Ferric chloride 
Potassium permanganate 
Sodium hypochlorite 


Sodium bicarbonate 






Sodium chlorite 





Polyelectrolytes 















Steel tank 

































eee PVC*, HD | Polyester, 
ae , ie polyethylene, | vinylester 
hypalon, onite | polypropylene 
polyethylene 
5% x 
iN X = 
X x X x 
x x x = 
x x x x 
x X x % 
Me xX 
NE xX 
x xX 

















*For PVC and epoxy, temperatures must remain below 30°C. 





Lay 
SAFETY 


Some of the reagents used in water 
treatment are dangerous: acids, bases, 
chlorine, ammonia, ozone, etc. 


Large-scale storage facilities for acids, 
caustic soda, or chlorine must obey very 
strict official regulations, which change 
from country to country. 


In particular, conditions governing 
leakages of chlorine are most important 
whenever the storage unit requires a neu- 
tralization facility. The chlorine-laden air 
is neutralized by being drawn into the 
lower part of a tower where a neutralizing 
solution (soda lye occasionally with 
sodium hyposulphite) counterflows 
through the contact rings. 


To combat the serious danger that 
chlorine leakages pose, it is imperative 


1. General conditions 


that the storage units be fitted out with a 
high-performance leak detection device. 


Leaks of chlorine gas from storage units 
can only continue at a constant rate if a 
quantity of heat is input through the wall 
of the unit that corresponds to the heat of 
vaporization of the liquid chlorine at that 
particular flow rate. Further, when the 
pressure of the pressurized gas diminishes 
as it escapes through the leak, the temper- 
ature drops thus causing the flow rate of 
the leak to decrease. For these very rea- 
sons, it is important to avoid spraying the 
- storage tank with water or submerging it. 
This does not apply to small chlorine cyl- 
inders that do not include any chlorine 
leakage neutralization devices, and which 
are simply immersed in neutralizing solu- 
tions in the event of the taps jamming. 


Over and beyond the existing regu- 
lations, there are a number of elementary 
precautions that must be taken when 
handling and storing these products, even 
if they are not required by law. Recom- 
mendations include: 


— protective hood, goggles, gloves, and 
apron must be worn when working on 
circuits conveying corrosive products; 


— special safety showers and eye baths 
must be located close to the acid and 
caustic soda storage units; 





— seepage pits, which are not connected 
to the sewers, must be provided beneath 
tanks holding acids or bases, with sep- 
arate pits for joint acid/caustic soda stor- 
age units; 


- all transfer pipes must be clearly 
labelled to avoid any dangerous mixes 
when unloading certain reagents (e.g., 
acid/caustic soda); 


— the gas scrubbing devices installed on 
the hydrochloric acid tank vents must be 
regularly maintained. The vapour from 
these tanks can cause irritation in the 
mucous membrane of the respiratory tract 
and will corrode any nearby equipment; 


— cifcuits conveying dangerous reagents 
must be drained at their lowest point so 
that maintenance work can be done in 
safety; 


— in the event of dilution of crystallized 
or anhydrous ferric chloride, quick lime, 
sulphuric acid, or caustic soda, make 


sure that the TEMPERATURE does not 
rise too quickly (refer to Page 497); 


— suspended powdered activated carbon 
dust can spontaneously ignite. Any flame 
or work involving heat are forbidden in all 
premises affected, which should be fitted 
with effective ventilation and air filter de- 
vices. 
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2. FEEDING LIQUID REAGENTS 


Paras 


FEEDING BY METERING 
PUMP 


The metering pumps usually employed 
in water treatment applications are of the 
reciprocating positive displacement type. 
Flow rate is controlled by altering the cu- 
bic capacity or the speed at which the 
pump works. Adjustments can be made 
manually or automatically using servomo- 
tors or variable-speed motors. If the 
pumps are controlled automatically, the 
injection of reagents can be slaved to the 
flow rate of the water being treated. 

The pumps can be of the plunger type 





iN 4 


1, Lubricating oil relief valve. 
2. Isolating diaphragm. 

3. Pressure-lubricated drive. 
4. Worm drive shaft. 


Figure 693. Milroyal plunger metering pump. 


with a mechanically or hydraulically oper- 
ated diaphragm. The pumps are charac- 
terized by flow rate, operating pressure, 
and accuracy. The materials used to make 
the pump must be compatible with the 
liquid being conveyed. Several pumps can 
be mechanically interlinked in a multiplex 
arrangement to proportion the flow rates 
of different liquids. 


2.1.1. Plunger metering pump 


This type of pump is very accurate, but it 
must be used with care when working with 
abrasive or corrosive liquids. Flow rates can 
range from a few dozen millilitres to several 
thousand litres per hour (Figure 693). 














5. Micrometer stroke adjustment. 
6. Lube oil. 


7. Magnetic strainer. 


2. Feeding liquid reagents 


2.1.2. Metering pump with hydrau- 
lically-operated diaphragm 


Although no match for the plunger 
model, this type of pump is very accurate 
and is used with corrosive, toxic, abrasive, 
polluted, or viscous liquids. Pumps may 
be fitted with one or two diaphragms and 
feature a rupture detection device (Figure 
694). 

Flow rates in this type of metering 
pump can reach 2500 Lh per metering 
head. 




















Figure 694. Milroyal type metering pump head 
with diaphragm. 


2.1.3. Metering pump with me- 
chanically-actuated diaphragm 
More simple in design, this type of 





pump is also less accurate than the previ- 
ous models with a flow rate rarely exceed- 
ing 200 Lh’. 


2.1.4. Electromagnetic metering 
pump 


The diaphragm in this type of pump is 
controlled by the movements of an elec- 
tromagnet (Figure 695). This pump is 
suited to low flow rates of less than 
10 Lh”. In proportional metering applica- 
tions, each pulse sent by the water meter 
causes the electromagnet and the dia- 
phragm to move and to deliver a given 
volume of reagent. 





1. Diaphragm. 

2. Hypalon seal. 

3. Return spring. 

4, Stroke adjustment. 
5. Electromagnet. 


Figure 695. Electromagnetic metering pump. 
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2.1.5. Metering pump with eccen- 
tric screw 


Pumps driven by eccentric screws are 
also used in metering applications (Figure 
696). The flow rate is controlled by 
manually or automatically adjusting the 
speed by means of a servomotor or a var- 
iable-speed motor. 





1. Inlet. 

2. Motor. 

3. Speed control. 

4. Manual control. 

5. Speed reduction gear with variable-speed drive. 


2.1.6. Water-driven metering 
pump 


These pumps do not need an electric 
power supply. They are positioned either 
directly on a pipe, or on a pipe branch, 
conveying the water to be treated, which 
activates a metering piston. 














6. Universal transmission. 
7. Rotor. 


8. Elastomer stator. 
9. Delivery. 


Figure 696. Metering pump with eccentric screw with manual speed control. 





Pah 
GRAVITY METERING 


2.2.1, DRC reagent feeders 


DRC feeders are suitable for the meter- 
ing of small and moderate flow rates. This 
simple system works by lowering a surface 
collector into a tank at a given speed. 


Figure 697 shows the layout of a 
DRC 1 feeder, which works in the same 
way as an electric clock. The time base is 
provided by a synchronous motor and an 
escape mechanism controls the speed at 
which the surface collector is lowered. 
This speed can be controlled by adjusting 
the number of teeth in the escape device. 


In the DRC 4 feeder, the electric motor 


No 


. DRC 1 distributor. 

. Distributor support. 

. Solution tank. 

. Surface collector scoop. 
3-way valve. 

. Counterweight. 

. Air inlet. 

. Stainless steel chain. 
Hose. 


9S MP NDAWAWH 


Figure 697. Layout of a DRC 1 type reagent feeder. 


is replaced by a clockwork winding sys- 
tem. 


2.2.2. Orifice-type feeders 


Orifice-type feeders are rugged devices 
that are suited to handle suspensions. 
They can operate at flow rates that are 
proportional to the flow rate being 
treated. 


P 106 feeder (Figure 698): a pump 
whose flow rate is greater than the feed 
flow rate and delivers the solution or sus- 
pension through tube (1) into compart- 
ment (5) where the level is kept constant 
by means of a weit over which the liquid 


. Feeding liquid reagents 





flows before returning to the preparation 
tank through tube (2). 


The reagent passes through perforated 
tranquillizer partition (7) and is metered 
through a calibrated variable-section ori- 
fice (6), which is protected against clog- 
ging by screen (8). 


The reagent then falls into an oscillat- 
ing scoop (11) controlled by pneumatic or 
hydraulic jack (9), which then channels 
the reagent towards either the unit 
through tube (3) or back to the prep- 
aration tank through tube (4) in accord- 
ance with the pulses sent by the propor- 
tioner. 
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1, Liquid inlet. 7. Tranquillizer screen. 

2. Returns from overflow to preparation tank. 8. Screen protecting the orifice. 
3. Liguid outlet to point of use. 9. Hydropneumatic jack. 

4, Liquid return to preparation tank. 10. Service fluid inlet. 

5. Liquid inlet compartment. 11. Oscillating scoop. 


6. Feeder with variable orifice. 


Figure 698. Simplified diagram of a P106 type feeder. 


3. Storage and feeding of powdered products 


3. STORAGE AND FEEDING OF POWDERED 


PRODUCTS 


Bil. 
STORAGE 


Small installations: storage areas (bags 
or containers). 


Medium and large containers: silos. 


The capacity of silos varies from 15 to 
200 m?, or even 400 m’, according to the 
size of the installation and the required 
level of endurance. Products are delivered 
in bulk either by road truck or railroad. 
Silos are usually made of metal, reinforced 
polyester, glass fibre, or concrete. The silos 
are cylindroconical in shape. 


3.1.1. Installation 


Silos must be fitted out with a vent 
with a dust collector sleeve, and a safety 
valve for protection against excess pres- 
sure. Any curves in the filling duct, which 
is between 80 and 100 mm in diameter, 
must be gentle enough to limit wear and 
losses of head. The duct must be as short 
as possible and the silo must be earthed to 
avoid the formation of arching due to 
static electricity. Storage capacity must be 
at least 50% greater than the volume in 
which the product is delivered. 


Emptying the silo can be made easier 
by: 
~ having a cone at the base of the silo 
with a slope of at least 60°; 
- providing devices to ease flow. 


3.1.2. Filling the silo 


The silo is filled pneumatically from 
the top. The product is blown, with air 
from a compressor installed either on the 
truck or nearby, into a hose connected by 
quick-fit pipe union to the rising duct in 
the silo. Pressure must not exceed 


160 kPa. 


Level can be controlled in one of the 
following ways: 
— capacitive measurement (to be avoided 
with clogging products); 
- vibrating diaphragm; 
— mechanically, driven reciprocating sen- 
sor. 


Note: the weight of product in the silo 
can also be measured. 





Figure 699. Silo with Sodimate levelling device. 
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3.1.3. Devices used to enhance 
product flow 


Powdered products tend to form arches 
or chutes in the silo that can be avoided 
by adopting any one of a number of solu- 
tions. 


- Vibrators 
Vibrators should be used with care as 
they can cause the product to compress. 


oe 
FEEDING 


3.2.1. Volumetric feeders 


- Rotary vane feeder 

Rotary vanes are used (Figure 700) in 
units where a high degree of accuracy 
is not required. The vane can be slaved to 
a time switch or a variable-speed motor. 
Flow rates may vary from 50 to 
1,000 Lh. 


This perfectly sealed device can also be 
used to regularly feed a pneumatic trans- 
port system. 





Figure 700. Rotary vane feeder. 


- Fluidization 

Air is injected at low pressure (20 to 
60 kPa) into fluidization plates located in 
the conical section of the silo. This device 
is only effective if used intermittently and 
with perfectly dry air. 


- Flexible blade device 
This device helps the product to flow as 
it rotates (Figure 702). 


* Revolving disc feeder 

A disc rotating at constant speed is 
located at the base of a feed hopper (Fig- 
ure 701). A plough with an adjustable 
angle deflects the product at a variable 
rate. 

Revolving disc feeders are more accu- 
rate than rotary vane feeders and are 
suited to feeding reagents such as alumin- 





Figure 701. Open-lid revolving disc feeder fitted 
with vortex. 


3. Storage and feeding of powdered products 


ium sulphate, lime, calcium or sodium 
carbonate, etc., at flow rates ranging from 
10 to 1000 Lh”. 


The flow rate is controlled by adjusting 
the angle of the plough. The motor runs 
at a constant speed either continuously or 
intermittently. Variable-speed motors can 


also be used. 


» Screw-type feeders 

This type of feeder can be used with 
most powdered products, including fluid- 
like products. The device is fed from a silo 
- fitted with a levelling device (Figure 702). 
This device ensures that the flow to the 
feeder is quite regular and the bulk den- 
sity of the product remains constant. The 
saturated screw entrains a given quantity 


|e 








of product as the thread turns inside the 
sheath. The spire and sheath can be either 
flexible or rigid. 


Ideally this system should be positioned 
horizontally, but screw-type devices can 
also be used to lift products to moderate 
heights. 


3.2.2. Gravimetric feeders 


Gravimetric feeding is not affected by 
changes in the bulk density of the prod- 
uct, which is continuously weighed. Any 
deviation between the measured mass 
flow rate and the set mass flow rate 
operates the feeder device in such a way 
that the difference is cancelled out. 


. Silo cone. 

. Isolating shutter. 

. Levelling body. 

. Levelling turbine. 

. Variable-speed motor or speed reduc- 
tion motor. 

. Feeder. 

. Levelling device speed reduction motor. 

. Feeder screw. 

. Anti-clog safety system. 





Figure 702. Sodimate-type mechanical levelling and screw-type metering device. 
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- Example: Figure 703 shows a Degré- 


‘mont loss-in-weight gravity feeder. 


The feed hopper containing the prod- 
uct is continuously weighed by a strain 
gauge sensor measuring the real metered 
mass flow. The speed of the screw-type 
feeder is controlled by a regulating system 
that corrects any deviation from the set 
mass flow. The weighing hopper is fed 
from the filling hopper by quickly open- 
ing the high-volume gate valve to the up- 
per threshold. When the hopper is being 
filled, the regulation system remains set at 
the speed at which the screw was last 
turning. 


1. Filling hopper. 4. Screw-type feeder. 

2. Gate valve. 5. Scraper. 

3. Suspended weighing 6. Dilution tank. 
hopper. 


Figure 703. Degrémont loss-in-weight gravity feed system. 


— 4. Preparation of suspensions and solutions of powdered or granular reagents — 


4, PREPARATION OF SUSPENSIONS 
AND SOLUTIONS OF POWDERED 
OR GRANULAR REAGENTS 





4.1. 
GENERAL 


__ The solid reagents used in water treat- 
ment applications are usually dissolved or 

suspended in water, a process that helps 

the following: 

- transfer to the point of use; 

— mixing with the fluid being treated; 

— regularity and accuracy of feed. a) with immersed solids. 1067 

Preparing solutions and suspensions of ae 

common reagents (sodium chloride, alu- 

minium sulphate, ferric chloride, slaked 

lime) involves no particular difficulties if 

the reagents have a regular grain size and 

the level of impurities is known. Other- 

wise, special precautions may be required 

to: 

— remove impurities; 

— use reagents blockwise or in mass. 





In general terms, the devices used to 
make solutions and suspensions must be 
adapted to the actual quality of the re- 
agents that are available locally (grain size 
and impurities). 

A number of special precautions are 
required to keep plugging and/or scal- 
ing reagents such as lime or activated car- 
bon in suspension. 

The energy required to dissolve or sus- 
pend solid reagents is usually provided: 





b) with dry stored solids. 
1. Solution. 2. Reagent. Om ouitrer, 


- by mechanical stirring (Figure 704) Figure 704. Preparing solutions and suspensions. 
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* by forced recirculation of the solu- 
tion water (Figure 705). 


The energy must be continuously sup- 
plied when preparing suspensions, 
whereas with solutions, the energy is usu- 


ally input during the dissolving phase only. 
Preparing a tankful of reagent should 
never interfere with the treatment process. 
This can be achieved by alternating be- 
tween tanks or using different tanks for 
preparation and feeding purposes. 








I. Salt store. 
2. Screens, 
3. Water pump. 


Figure 705. Brine preparation unit. 


4, Concentration and drainage of insoluble impurities. 
5. To feeder. 
6. Additional water. 





4.2. 
PREPARING SOLUTIONS 


The maximum concentration of a solu- 
tion corresponds to the limit of solubility 


of the reagent (saturation) at a given tem- 
perature (refer to Sub-chapter 8.3). For 
most soluble reagents, a direct relation ex- 
ists between the concentration of a solu- 
tion and specific gravity. This relation can 
be used for control purposes. 


— 4. Preparation of suspensions and solutions of powdered or granular reagents — 


4.2.1. Sodium chloride 


Sodium chloride is used to regenerate 
ion exchangers (softening and nitrate re- 
moval in drinking water). Figure 705 
shows an example of a brine preparation 
unit in a large-scale installation. 


Metering is conducted in a separate 
tank containing brine at a fixed concen- 
tration, usually quite close to saturation. 
The solution is controlled by densimeter 
(refer to Chapter 8, Paragraph 3.2.1). 


+ Materials 


Concrete tanks are lined with protec- 
tive coverings. Plain carbon steel or stain- 
less steel cannot be used to make any 
parts coming into contact with brine. 
Plastics and vulcanized steel are widely 
used. 


4.2.2. Aluminium sulphate 


Aluminium sulphate is used as a coag- 
ulant in solid or, more frequently, liquid 
form. The crystallized product Al2(SOx)3. 
18H20 is as follows: 

— powder: <0.5 mm, 

- semolina: 1 to 3 mm, 

— broken lumps: 5 to 30 mm, 
— blocks (occasionally). 


- Dissolving 


The product is usually dissolved in con- 
centrations of between 100 and 200 g.I" 
of crystallized product, which is checked 
by densimeter (refer to Page 487). 


- Small units 

In small units, 25 or 40 kg bags are 
dissolved in a dilution tank that operates 
between two levels (tank-wise prepara- 
tion) (Figure 706). 


— Large units 

The product is taken from the storage 
silos and dissolved in a dilution tank con- 
tinuously operating at a constant level 
(Figure 707). 


The dry product is fed using volu- 
metric devices (revolving disc, screw sys- 
tem, or rotary vane feeder), or when 
higher standards of precision are required, 
gravity feeders. The devices illustrated in 
Figures 706 and 707 can also be used 
with slaked lime. 


For products with a high content of 
impurities, the type of set-up illustrated 
in Figure 708 for ferric chloride is pre- 
ferred. 


- Materials and safety 


Aqueous solutions of aluminium sul- 
phate are acidic and the materials used for 
storage and feed purposes must be chosen 
accordingly (plastics or stainless steel). 


In its solid form, this product releases a 
dust that irritates the nose and throat. 


4.2.3. Ferric chloride 


Ferric chloride is used as a coagulant in 
solid, or more usually, liquid form. The 
crystallized product (FeCl;.6H2O) comes 
in the shape of brown or red pieces that 
tend to fuze in their own crystallization 
water. 


: Dissolving 


In order to make a solution, it is neces- 
sary to drain the dilution tank of all insol- 
uble impurities that commercial products 
often contain. 
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1. Bags of reagent. 2. Sack splitter. 3. Water. 4, Minimum and maximum levels. 
5. Feed pump. 
Figure 706. Dissolving tank for preparation of aluminium sulphate or milk of lime (in tankloads). 














1. Water. 2. Float valve. 3. Dry metered reagent. 4. Constant level. 
5, Feed pump. 


Figure 707. Tank for continuous mixing of aluminium sulphate or milk of lime. 


— 4. Preparation of suspensions and solutions of powdered or granular reagents — 





1. Solution water. 
2. Unloading unit. 
3. Dust extractor. 





4. Impurity settling zone. 
5. Feed tanks. 
6. Feed pump. 


Figure 708. Unit for dissolving and feeding powdered crystallized ferric chloride. 


Products are fed using a ready-prepared 
constant concentration solution (e.g., 100 
to 200 gl" of FeCls) controlled by a den- 
simeter (Page 487). 

Figure 708 shows a dissolving unit 
designed for ferric chloride in powdered 
form or in friable pieces. 


Blocks of ferric chloride can be dis- 
solved using the type of set-up to make 
brine shown in Figure 705. 


43, 
LIME 


Lime is the most widely used reagent 


* Materials and safety 


Aqueous solutions of ferric chloride 
attack plain carbon and stainless steel and 
virtually all other metals. All tanks and 
circuits must be protected accordingly 
with plastic or vulcanized steel. 


In solid form, ferric chloride creates 
dust that irritates the nose and throat. 


in water treatment applications. Lime is 
supplied in one of two forms: 


— quick lime: CaO (Page 1089); 
— slaked (or hydrated) lime: Ca(OH)2. 
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43.1. Milk of lime 


Slaked lime is usually employed in the 
form of milk of lime, which is an aqueous 
suspension of calcium hydroxide particles. 
Concentration usually ranges from 50 to 
100 gl! according to usage: 

- at C > 100 gl", there is a danger of 
deposits and clogging; 

- at C < 50 gl", there is a danger of 
carbonation. 


- Storage of powdered lime 


Powdered lime is stored in 25 kg bags 
or in silos. Silos in France usually have a 
minimum capacity of 50 m’, which corre- 
sponds to the maximum load of delivery 
trucks (25 tonnes). 

The lower half of the silos features lev- 
elling devices. Mechanical levelling de- 
vices are generally used rather than injec- 
tions of fluidizing air. 





1. Dilution tank. 
2. Water. 
3. Lime. 


4. Centrifugal pump. 


- Transferring powdered lime 


In order of preference, the following 
means are used to transfer powdered lime: 
- gravity (wherever possible); 

— mechanical (usually screw-type); 
— pneumatic (across short distances, such 
as when unloading tanker trucks). 


: Feeding 


Powdered lime 


The quantity of powdered lime enter- 
ing the dilution tanks is measured either 
by volumetric feeders (screw or rotary 
vane-type) or by gravimetric means 
(weighing hoppers). 


Milk of lime 


Milk of lime is prepared in constant 
concentration solutions in mechanically 
stirred dilution tanks as shown in Figures 
706 or 707. 





5. Manual control valve. 
6. Automatic feed valves. 


A-B. Points of use. 


Figure 709. Milk of lime distribution and feeding system. 


— 4. Preparation of suspensions and solutions of powdered or granular reagents _ 


oats 








1. Pneumatic unloading system. 9. Feed screw (variable speed, continuous oper- 
2. Silo. ation). 
3. Level sensors. 10. Constant level dilution tank. 
4, Mechanical levelling devices. 11. Feed pump (to 4 saturators). 
5. Transfer screw (fixed speed, intermittent oper- 12. PLC. 
ation). PC. Conttol station. 
6. Intermediate hopper. t. Treatment rate. 
7. Automatic valve. Q. Flow rate of water to be treated. 


8. Weighing hopper. 
Figure 710. Lisbon-Asseiceita unit (Portugal). Gravity feeding of slaked lime. 
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The feed system is pump operated: 

— positive displacement pumps (metering 
or eccentric rotor pumps); 

— centrifugal pumps, preferably feeding a 
distribution loop fitted with automatic 
injection valves operating on an on/off 
basis (Figure 709), in which case the 
product is often metered by changing the 
pump settings according to the pH meter 
readout. 


Example 


Figure 710 illustrates a gravity feed 
system in the Lisbon-Asseiceira drinking 
water plant, which has a nominal capacity 
of 4.3 m’s”. This option was selected in 
view of the large quantities of lime used 
(1,200 kg.h’). 


The PLC (12) works according to the 
treatment rate t received from the control 
station PC and the flow rate of water to 
be treated Q. The PLC then sends the 
resultant signal to the weighing hopper, 
which uses the loss of weight of lime per 
unit time to permanently calculate the 
quantity of lime that is continuously 
sent to the dilution tank (10) along the 
feed screw (9), which operates at an auto- 
matically adjustable variable speed. 


The purpose of the intermediate hop- 
per (6) located above the weighing hopper 
is to fill the latter as quickly as possible. 


Special operating precautions (clog- 
ging) 

The milk of lime, which can give rise 
to extensive scaling and clogging, 
requires special precautions to be applied 
in the construction and operation of prep- 
aration and feed units. By way of exam- 


ple: 


- all piping should be made of flexible 
materials that can be easily dismantled, 
such as rubber; 
- the section of the piping should be a 
compromise between: 
- a sufficiently wide diameter to pre- 
vent clogging; 
- a satisfactory flow velocity to prevent 
deposits. 
— the unit must be rinsed with clear 
water whenever it is stopped. 


4 3.2. Lime water 


Lime water, which is a saturated solu- 
tion of lime, is often used in drinking 
water plants. The alkalinity, which de- 
pends on the temperature at which the 
lime is dissolved, is usually about 220 Fr. 
degrees at 20°C. This figure corresponds 
to a Ca(OH): concentration of 220 x 
7.4mgl', ie, 1.6 gl’ (Sub-chapter 
8.3.), 


Lime water is prepared using milk of 
lime in a saturator, which performs twe 
functions: 

- dissolving the lime; 
— removing impurities and carbonate 
sludge. 


- Static saturator 


Static saturators are used to make sat- 
urated lime solutions by passing water 
through a bed of lime with a sufficiently 
long contact time for the water to become 
saturated. 


The preparation of milk of lime is dis- 
continuous. The milk of lime is injected 
by gravity or is pumped into the lower 
part of the saturator, in which the level 
has already been lowered and all impuri- 
ties and carbonate sludges have been 
drained. Saturators are usually replenished 
every 24 hours. 


— 4. Preparation of suspensions and solutions of powdered or granular reagents 





Continuous lime feed 





1. Pressurized water inlet. 
2. Saturated water outlet. 
3. Milk of lime inlet. 

4. Drain. 





5. Sludge outlet. 
Overflow. 
. Propeller-operated mixer. 


NES 


Figure 711. Turbine lime saturator. Operating diagram. Gravity preparation. 


The inlet water arrives in the lower 
part of the unit and the saturated water is 
drawn off from the surface. 


The flow rate of saturated lime water 
can reach 1.3 to 1.6 kg of Ca(OH)2 per 
hour and per square metre of surface area. 


- Turbine saturators 


Turbine saturators (Figure 711) are 
used to reach higher flow rates than static 
models with the same surface area. Flow 
rates can reach 3.2 to 4 kg of Ca(OH)2 
per hour and per square metre of surface 
area. 


The milk of lime, which is prepared 
continuously or intermittently, must be 
fed continuously. The milk of lime is 
injected by gravity or is pumped into the 
sludge recycle nozzle or the water inlet 
pipe. 

The preparation is recycled by a propel- 
ler-operated mixer (7) located in the top 
of the nozzle through which the inlet 
water arrives (1) and where the water, 
milk of lime, and carbonate sludge are 
intimately mixed. The sludge level in the 
saturator is controlled by the threshold in 
the concentrators into which the sludge 
overflows. 
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The sludge is usually extracted by the of small doses of ferric chloride further 
concentrator piping (5), although heavy increases the CaO content of the lime 
sludges can be drained (4). The addition water. 


ee 






es 
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Figure 712. Lisbon-Asseiceira plant (Portugal). Capacity: 1,200 kg.h"! of lime. Lime saturators. 





1. Lime storage. 6. Saturated water outlet. 
2. Big Bag. 7. Water. 

3. Dust collector. 8. Sludge extraction. 

4, Lime dilution. 9. Milk of lime pump. 

5. Saturator. 10. Discharge. 


Figure 713. Lime unit overview (drinking water). 


— 4. Preparation of suspensions and solutions of powdered or granular reagents — 


The lime saturators can also be used to 
make unsaturated dissolved lime solu- 
tions. 

Figure 713 shows the overall layout of 
a complete milk of lime and lime water 


4.4, 
OTHER PRODUCTS 


4.4.1. Potassium permanganate 


Potassium permanganate is mainly 
used to oxidize and remove manganese. 

The product, which is delivered in the 
form of violet flakes, is dissolved by stir- 
ring in a tank. Potassium permanganate 
is not very soluble (5 to 30 gl‘ at 20°C 
with contact times of 15 to 60 minutes). 
If the concentration is greater than 
15 of, there is a danger of deposits 
forming and the solutions cannot be kept 
for very long. The product is metered by 
pump. 

Potassium permanganate attacks fer- 
rous metals and is generally used with 
protected steels or plastics. Potassium per- 
manganate must be handled with care 
and goggles and gloves must be worn. 


4.4.2. Calcium carbonate 


Carbonate powder is used in mineral- 
ization processes and as a mineral filler. 


It is practically insoluble (15 mg. at 
20°C). It is put in suspension and fed at 
concentrations of about 50 g.l™ using the 
same means as for milk of lime. 


4.43. Bentonite (clay) 


Bentonite is used to give greater weight 
to the floc obtained from raw waters con- 
— taining few SS. 


plant (dilution tank and saturator) that is 
frequently used in medium-size or small 
drinking water plants (lime in bags and 
sack splitter). 


Bentonite is suspended and fed in 
much the same way as calcium carbon- 
ate. 


4.4.4, Ferrous sulphate 


Ferrous sulphate is used in coag- 
ulation processes and to precipitate cer- 
tain salts (CN, S*, PO). When 
crystallized (FeSO4.7H20), the product 
comes in the shape of a green powder 
that is perfectly soluble in water. 
Saturation is reached at 15°C for 
500 gl‘. Concentration is controlled 
by densimeter. 

Ferrous sulphate is dissolved in con- 
crete tanks that receive the product 
directly from tanker trucks and the inlet 
water. The aqueous solution is with- 
drawn through a system of perforated 
pipes, which are usually immersed in a 
bed of filter sand in the bottom of the 
tanks. Since unsaturated solutions are 
difficult to prepare, saturated liquors are 
generally used that crystallize easily 
when the temperature drops. The at- 
tendant problems (deposits, bulking in 
the tank, clogging of pipes) can be 
avoided by a number of precautions 
including temperature control at con- 
stant levels. 


Aqueous solutions of ferrous sulphate 
are acidic and all parts coming into con- 
tact with the liquid must be plastic or 
protected accordingly. 
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5. STORING, FEEDING, AND DISSOLVING 


GASEOUS REAGENTS 


ale 
CHLORINE 


Chlorine is the most widely used ox- 
idizing agent and bactericide. For safety 
reasons, a number of precautions must be 
observed when using chlorine. Chlorine is 
used in pretreatment applications and as a 
final disinfectant in the following doses: 
- drinking water: about 1 mg.l°; 

- swimming pool water: about 1 to 
5 mg I"; 

— wastewater (occasionally) after biolog- 
ical treatment: about 10 mg1™. 

Chlorine is also used to periodically dis- 
infect reservoirs and drinking water sys- 
tems in doses of about 10 mg.I” with a 
contact time of about 24 hours. It is also 
sprayed onto the walls of containers prior 
to filling in doses of 30 mg.l™, in which 
case it is preferable to use Javel water. 


* Materials: Dry cold chlorine does not 
attack common metals, but it becomes 
highly aggressive in the presence of water 
ot when hot. Circuits and tanks must be 
kept perfectly dry and protected against 
rises in temperature. 


9.1.1. Feeding and metering 


For the storage of chlorine, the current 
legislation and the general instructions 
mentioned in Sub-chapter 1 must be 
obeyed (General Conditions), 


Chlorine can be fed from the storage 


units to the feed devices (chlorinators) by 
the following means: 

— in gaseous form for low flow rates; 

- in liquid form for higher flow rates via 
an evaporator. 


The chlorine is dissolved in the chlo- 
rinator and is conveyed to the point of use 
(concentration of less than 1 gl”). 


: Feeding 


A flow of chlorine gas from a recipient 
containing liquid chlorine is obtained by 
inputting the quantity of heat required 
for vaporization (latent vaporization hear 
of 56 kcal.kg' at 20°C). In practical! 
terms, a one-tonne tank of chlorine can 
feed about 10 kg of chlorine per hour 
with no additional heat input in premises 
at 20°C. For higher flow rates, heat can be 
input into an evaporator (thermostat- 
controlled bath at about 80°C) and the 
chlorine is withdrawn from the tanks in 
liquid rather than gaseous form. 


* Metering 


Chlorine gas from cylinders or tanks or 
evaporators is metered and depressurized 
to Operating pressure in a chlorinator. 


Vacuum chlorinators work by varying 
the chlorine flow rate by modulating the 
negative pressure generated by an injector, 
in which the chlorine gas is dissolved in 
the injector water. 
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5.1.2. Chlorinators operating under 
a vacuum 


Vacuum devices were developed to 
serve the dual purpose of automatically 
arresting the flow of chlorine when there 
is NO More water and preventing chlorine 
escaping into the atmosphere in the event 
of a leak. 

The vacuum is generated by an injec- 
tor, which is also used to dissolve the 
chlorine in water. 


-* Compact chlorinators are especially 
well suited to low chlorine flow rates and 
can be directly installed on the chlorine 
cylinder or connected by a short pipe. 
Connecting pipes are as short as pos- 
sible to minimize the danger of leakage. 








4, Diaphragm-oper- 
ated regulator. 

5. Control button. 

6. Flowmeter. 

7. Injector. 


1. Chlorine cylinder. 
2. Filter. 
3. Chlorine inlet valve. 


Figure 714. Compact chlorinator. Operating dia- 
gram. 


However, if the chlorinator is mounted 
directly on the cylinder, certain precau- 
tions must be taken during handling and 
when removing the fragile chlorinator to 
change cylinders. 


Chlorinator operation is illustrated in 
Figure 714. The vacuum generated by the 
injector (7) is controlled by the dia- 
phragm-operated pressure release device 
(4) according to the chlorine flow rate, 
which is in turn adjusted by needle valve 
(5) and measured by flowmeter (6). In 
certain configurations, the regulation de- 
vice is made up of two series-mounted 
diaphragm-operated pressure release sys- 
tems. 


The diaphragm of the regulator moves 
according to the level of vacuum gener- 
ated and drives the needle that operates as 
the chlorine inlet valve (3). When the sys- 
tem is stopped, a non-return valve inte- 
grated in the injector prevents any water 
from rising into the chlorinator. In the 
event of accidental breakage or leakage in 
the pipe connecting the injector to the 
feed device, the vacuum is released by the 
diaphragm from the pressure release sys- 
tem (4), thus causing the chlorine inlet 
valve to close (3). 


Most models have been perfected by 
the following additions: 
- possibility of separating the chlorine 
flowmeter and regulation valve assembly, 
which is installed in a-control room, while 
the chlorine cylinder and the rest of the 
chlorinator (chlorine inlet valve and pres- 
sure release device) remain outdoots or at 
the point of use; 
— possibility of automatic cylinder 
changeover after draining the cylinder in 
use; 
— incorporating “chlorine out” or “chlo- 
rine low” readouts. 


1079 


1080 


Chap. 20: Storage and feeding of reagents 





Figure 715. D105 chlorinator mounted directly on a cylinder. 


This type of compact chlorinator is 
suitable for doses ranging from 5 to 
4,000 g.h” of chlorine. 


Figures 715 and 716 show: 
— a compact chlorinator directly installed 
on a chlorine cylinder; 
— a separate chlorinator with cylinders 
where the injection device is mounted on 
the inlet water pipe. 


- High-output chlorinators operate in 
the same way as the compact models by 
the modulation of vacuum (Figure 717). 
Capacities go as high as 200 kg.h”'. 


5.1.3. Detection and neutralization 
of chlorine leaks 


Chlorine is a greenish yellow gas with 
an irtitating odour. It is two-and-a-half 
times as heavy as air and stagnates at 
floor level in the event of a leak. 


Above a certain capacity, French law 
requires the installation, on separate 
premises, of a chlorine leak detection de 
vice and a neutralization system. 


The neutralization layout is shown in 
Figure 718: 
— a fan to extract the chlorine-laden air; 
— a neutralization tower with contact 
rings; 
— a storage tank for the neutralizing solu- 
tion; 
— a leak detector; 
- electric facilities for the monitoring and 
control of the chlorine unit. 


The leak detector and extractor fan 
inlets are positioned at floor level in the 
storage premises. 

The neutralizing solution is usually a 
mix of caustic soda and sodium hyposul- 
phite. 

The hyposulphite reduces the hypochlorite 
produced by the reaction between the 
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. Chlorinator. 

. Automatic changeover device with two spe- 
cial pressure release valves. 4 

. Weighing machine for two cylinders eine t 
separate readouts. 

. Vent. 


. Injector. 
. Pressurized water. 
. Inlet water pipe. 
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ees Pressurized chlorine . . 
——- Chlorine under vacuum . Chlorine cylinder. 
scum ~ Chlorinated water . Pressure release and 


pa see alnjertor water shut-off valve. 

. Flowmeter. 

. Vacuum control. 

. Flow rate control. 

. Vacuum breaker valve. 

. Injector and non-return 
valve. 

. Drain valve. 

















Figure 717. High-ouepuc chlorinacor. 
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chlorine and the caustic soda in the solu- 
tion, and the caustic soda neutralizes the 
acid released by the reaction between the 
chlorine and the hyposulphite. 

About 1.1 kg of hyposulphite and 
1.7 kg of caustic soda are needed to neu- 
tralize 1 kg of chlorine. 

For safety reasons, the storage unit, the 
evaporator-chlorinator assembly, and the 
leak neutralization tower are always 
located in separate places (Figure 718). 


9.1.4. Complete installation 


Figure 719 shows an installation for 


storage, withdrawal of the liquid phase, 
evaporation, and feeding of the gaseous 
phase. 

In the event of a chlorine leak in the 
premises where the chlorine storage tanks 
or the chlorinators are located, a chlorine 
leak detector (19) sounds an alarm and 
automatically starts fan (18) that extracts 
the air from the polluted places and 
pump (15) conveying the neutralizing 
solution (caustic soda, sodium hyposul- 
phite). The chlorine-laden air flows 
through the mass of contact rings (17) in 
the opposite direction to the neutralizing 
solution, which is fed from the top (16). 

















Storage 





Figure 718. Overall layout of a chlorination unit. 


Evaporation 


Feeding 


Neutralization 
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. Chlorine tank. 

. Liquid chlorine circuit. 
. Chlorine gas circuit. 

. Expansion cylinder. 
Evaporator. 

. Heating element. 

. Chlorine filter. 

. Rupture disc. 

. Safety valve. 

10. Pressure release valve. 


\o 


Figure 719. Complete chlorine storage and feed unit. 





D2: 
CARBON DIOXIDE 


Carbon dioxide is used, with lime, to 
remineralize drinking water and in neu- 
tralization processes (Page 274). In neu- 
tralization applications, carbon dioxide is 











11. Chlorinator. 

12. Automatic shut-off valve. 
13. Intake ejector. 

14. Neutralization tower. 

15. Neutralizing solution pump. 
16. Sprayers. 

17. Contact rings. 

18. Chlorine-laden air fan. 

19. Leak detector. 


used to precisely regulate the pH by 
means of precise feeding and a neutral- 
ization curve that is more gentle than that 
obtained with strong acids. 

In remineralization processes, about 
9g of CO, and 7.5 g of Ca(OH)2 are 
needed to increase the M alk. of 1 m’ of 
water by 1 degree. 
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5.2.1. CO> injection unit 


Even though carbon dioxide can be 
produced by burners immersed in the 
treatment inlet water (type P Recarbo- 
nator), the most widespread method 
uses liquid COz stored in pressurized 
tanks that are insulated and cooled 
(pressure: 20 bar, temperature -20°C). 
The liquid COz2 is vaporized in evap- 
orators by inputting heat from an out- 
side source, then depressurized under 
the conditions of use (3 bar, 12°C). The 
gas is then injected into the water to be 
treated through porous discs immersed 
under water at a depth of several metres 
in contact towers. 





5.2.2. Example 


Figure 720 refers back to the drinking 
water remineralization unit in the Lisbon- 
Asseiceira plant. 

The total capacity of the plant varies 
from 200 to 850 kg.h™ of CO2. The flow 
rate is slaved to the flow rate of water to 
be treated, to the required treatment rate, 
or to the pH of the remineralized water 
by means of the regulation valves located 
on the gas circuit and controlled in turn 
by the regulators that follow instructions 
received from the programmable con- 
troller that commands the overall process. 








1, Liquid CQ) storage tanks (50 ¢ per tank). 
2. Electronic scales. 

3. Cooler units. 

4, Evaporators. 

5. Pressure release. 


6. Flow rate control valves. 
7. Dissolving-contact towers. 
8. Porous discs. 

9. Alkalinized water. 

10. Remineralized water, 


Figure 720. Lisbon-Asseiceira plant. Complete CO? storage and feed unit. 
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AMMONIA NB; 


Concentrated lyes (64% of NHsOH) 
cannot be stored or transported in the 
summer months due to the danger of 
overheating and the consequent over- 
pressure. These products are usually deliv- 
ered in the form of uncooled liquid 
ammonia in calibrated recipients at pres- 
sures ranging from 6 bar at 10°C to 
12 bar at 30°C. Products are transferred 


according to local safety recommenda- 
tions. 

When the liquid is decompressed to at- 
mospheric pressure it cools to -31°C (refer 
to Page 514). Gas pressure is applied by 
means of a heat exchanger located on the 
transfer pipe and featuring devices to pre- 
vent the heating water from freezing 
when the unit is stopped. 

Dissolving of the gas in water is an 
exothermic reaction producing between 
34 and 40 kJ per mole of NH; in solu- 
tions of less than 10%. 
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6. OTHER PREPARATIONS 


G. 
USING POLYMERS 


The following distinctions must be 
made between: 
- polyamine type polymers used as coag- 
ulants; 
- polyacrylamide polymers used as floc- 
culants. 


6.1.1. Preparation of polyamines 


In general terms, these polymers have a 
low molecular weight and are sold in the 
form of non-viscous solutions (50 to 400 
centipoises). No preliminary preparations 
are therefore necessary. These products 
can be directly pumped from a drum or 
container, which is a considerable advan- 
tage particularly since they are very stable 
products. 

On the other hand, it is very impor- 
tant to provide effective secondary dilu- 
tion on the delivery side of the metering 
pump (100 to 200) with low-salinity 
clear water (less than 200 mg.l' wher- 
ever possible). 

These polymers can always be prepared 
in a stock solution, although the stability 
may be reduced, depending on the quality 
of the water used (salinity less than 
200 mg.’ and turbidity less than 
1 NTU). The stock solution should be as 
concentrated as possible (at least 10%), in 
which case a stability of about 48 hours is 
possible. 


6.1.2. Preparation of 
polyactylamides 


Polyacrylamides are polymers with very 
high molecular weights and are used as 
flocculants. They usually exist in the form 
of powders or emulsions. 


They are also available in the form of 
very viscous solutions (5,000 to 8,000 
centipoises) that can be pumped with sec- 
ondary dilution on the delivery side of the 
metering pump. 


6.1.2.1. Powdered polyacrylamides 


A number of precautions should be 
taken when dissolving powdered floccu- 
lants: 

- even the diluted solutions are highly 
viscous; 

- flocculants are subject to mechanical 
degradation when stirred violently; 

- flocculants tend to form lumps if they 
are not correctly dispersed. 

Concentration of the preparations: 2 to 
a 
- Manual preparation 

The skid shown in Figure 721 features: 
- 2 manual preparation plants; 

— | automatic unit; 

— 1 dilution system; 

- | or 2 metering pumps, 
— level control sensors. 

Between 45 and 60 minutes are needed 
to complete the preparation. 


- Automatic preparation 


The plant illustrated in Figure 722 is 
made up of a main tank divided into 


6. Other preparations 


1. Powder disperser. 
2. Low-speed electric stirrer. 
3. Automatic control switchboard. 


4. Level regulation. 
5. Dilution system. 
6. Solenoid valve. 





7. Metering pump. 
8. HD polyethylene tank. 
9. Support skid. 


Figure 721. Manual skid for the preparation of powdered polymers. 


three sections with transfer by overflow 

from one section to the next: 

— the preparation tank receives the water 

at controlled pressure and flow rate, and 

the metered powder through a screw- 

operated feeder that ejects the product 

into the disperser in a regular manner, 

— the product remains in the so-called 

ripening tank for the length of time 

required to “swell” the molecular chains of 

the flocculant; 

— the third tank, or storage tank, is fitted 

with a regulation device used to automate 

plant operation: 

- very high level: safety alarm sounds; 

- high level: temporary cut-off of water + 

powder; 

- low level: inlet + 
powder inlet; 


temporary water 


- very low level: metering pump shut- 
down (safety). 


Note: 


The automatic preparation units 
should be located in separate premises. 


6.1.2.2. Polyacrylamide emulsion 


- Manual preparation 


Emulsions are manually prepared in 
the same way as powders, except that the 
dispersers serve no purpose. 


The concentration of the stock solution 
ranges from 5 to 10 gl and the prep- 
aration time is limited to 15 to 20 min- 
utes. 
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1. Powder feed device with hopper. 
2. Slow stirrer. 


3. Automatic control unit. 
4, Shut-off valve. 


5. Pressure regulator. 
6. Solenoid valve. 

7. Regulation valve. 
8. Flowmeter. 


9. Powder wetter. 
10. Preparation tank. 
11, Ripening tank. 
12. Storage tank. 


Figure 722. Automatic skid for the preparation of powdered polymers. 


- Automatic preparation 


The preparation assembly shown in 
Figure 723 features the following: 


— a metering pump (1) used to convey 
the emulsion from the drum or container 


(2); 
— an emulsion breaker; 


— level control (5-6) in the preparation 


tank (4) (high-low levels); 


— a control unit for automatic operation. 


6.1.3. On-line dilution 

For maximum polymer efficiency, the 
prepared solution requires extensive dilu- 
tion. On-line dilution is performed on the 
delivery side of the metering pump. The 
final rate of dilution depends on the type 
of polymer and the product under treat- 
ment: 


— in sludge treatment applications, con- 
centration ranges from 0.5 to 1 g's 


— in clarification processes, concentration 
is between 0.05 and 0.1 gl". 


_ 6. Other preparations 





Dilution water 





To point of use 


Dilution water 


Figure 723. Automatic preparation of polymer emulsions with on-line dilution. 
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SLAKING 
QUICK LIME (CaO) 


Quick lime is used in water treatment 
mainly in powdered form. Quick lime 
has numerous advantages over slaked 
lime: 

— it is less expensive; 

— it is richer in CaO than slaked lime, 
except when hydrated; 

- it has a higher bulk density, thus of- 
fering lower transportation and storage 
costs; 

. quick lime: bulk density: 0.7 to 1.1; 

. slaked lime: bulk density: 0.3 to 0.6. 


On the other hand, quick lime does 
have two distinct disadvantages: 


— additional investments are required for 
effective slaking; 

— the quality of quick lime is often more 
variable than that of slaked lime. 


Slaking lime by the reaction below: 
CaO + H20 — Ca(OH) 
requires excess water. The reaction is 
exothermic with a heat release of 275 kcal 
at 25°C per kg of CaO (refer to Page 

504). 


The chemical reactivity of milk of lime 
and the fineness of the suspension depend 
on the temperature at which slaking takes 
place. The temperature must be as high 
as possible with a minimal input of water. 


6.2.1. Powdered quick lime 


The quick lime used in water and 
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sludge treatment usually meets the fol- 
lowing specifications: 


— CaO content > 90% 
— MgO content < 1.5% 
— SO«4 content < 1.0% 


— reactivity of the water: less than 
25 minutes required to reach 60°C with a 
mix of 150 g of lime and 600 g of water 
at an initial temperature of 20°C; 
— fine or sieved lime (grain size of 
0-90 Um). 

There are two types of preparation: 


- paste slaking plant (with high mixing 
energy): between three and four parts of 











water are mixed with one part of lime. 
The temperature rise is high and the reac- 
tion time is short. The quantity of addi- 
tional water depends of the viscosity of 
the paste (torque of the mixer) and/or the 
temperature; 


- slurry slaking plant: the Ca(OH) 
concentration of the milk of lime is less 
than 200 gl’. The temperature sensor 
measures the temperature at the lime 
inlet. This type of unit, which is illus- 
trated in Figure 724, may be less efficient, 
but is more simple to automate thus of- 
fering limited operating, maintenance, 
and safety constraints. 





1. Silo of powdered lime. 

2. Manual plug. 

3. Chain-operated feed device. 

4, Automatic safety plug. 

5. Insulated slaking reactor. 

6. Thermometer activating an alarm to stop feed device. 
7, Dilution and storage tank. 





8. Ultrasonic level sensor controlling the slaking plant. 

9-10. Automatic valves, 

11-12. Flowmeters controlling the alarm and the feed 
device. 

13. Water. 

14. Vapour extraction. 

15. Milk of lime application. 


Figure 724. The Huningue plant, France, operated by Sandoz. Slurry slaking plane. 


6.2.2. Granular quick lime 
(0-20 mm) 


Certain paste slaking plants feature 


slaking chambers with a horizontally fixed 
trough, a vane-type mixing system, and a 
chamber for dilution and mechanical dis- 
charge of grit. 
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6.2.3. Crystal lime (10-60 mm) 


Crystal lime can be handled as follows: 

either in a high-capacity continuously op- 
erating system (1-10 t.h™) featuring: 
- a horizontal cylindrical drum fitted 
with a vane mixing system, a bucket sys- 
tem to lift the lime, and a mechanical 
separation unit; 





— a purifier that mechanically extracts 
grit. 


or in the type of small system illus- 
trated in Figure 725 (1-2 td‘) that 
works by the tankload and crushes the 
lime using mallets or suspended scraper 


blades. 





1. Water inlet. 
2. Drive system. 


3. Internal sieve. 
4, External sieve. 


5. Scraper. 
6. Drain. 


Figure 725. Slaking plant for crystal quick lime working by the tankload. 


6.3 
CHLORINE DIOXIDE 


Chlorine dioxide is an unstable com- 
pound that is prepared in solutions at the 
point of use. Chlorine dioxide is made by 
oxidizing a solution of sodium chlorite 
using chlorine or hydrochloric acid. 


6.3.1. Oxidation of sodium chlorite 
by chlorine 
2NaClO + Ch — 2ClO2 + 2NaCl 


In stoichiometric terms, 1.34 g of 
sodium chlorite and 0.526 g of chlorine 
are needed to produce | g of ClOz. 

This process is applicable in units with 
a supply of chlorine gas used in preoxida- 
tion processes or at any point of the treat- 
ment line. The pH of the chlorine water 
should be between 1.7 and 2.4. Concen- 
tration may vary from 2.5 to 6 g.I' Ch. 

For waters with a high M alk., chlori- 
nated water should be used with the high- 
est possible concentration. 

Figure 726 shows a ClO: production 
unit using chlorine. 
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The chlorine water comes into contact 
with the concentrated NaClO» (solution 
available on the open market at 310 gl’) 
inside a contact tower fitted with Raschig 








4. Dilution. 


1. Softened water. 
2. NaClO;2 metering pump. 
3. Fresh water. 


6. Reactor. 
Figure 726. Preparation of ClO using chlorine. 


The chlorine dioxide solution is trans- 
ferred into a storage tank using the water 
from an injector before being fed into the 
mains water. The ClO: solution is diluted 
in the storage tank (0.5 to 1 gI') and 
remains stable for up to 24 hours. 

Assuming that an excess of chlorine of 
some 10% above stoichiometric require- 
ment is available and that efficiency is 
about 95%, 1.41 g of pure sodium chlo- 
rite and 0.61 g of chlorine are needed to 
produce | g of ClO». 


6.3.2. Action of hydrochloric acid 
on sodium chlorite 
The following reaction occurs: 
SNaClO, + 4HCl — 4ClO, 
+ SNaCl + 2H2O 
In stoichiometric terms, 1.67 g of 
NaClO) are needed to produce | g of ClO». 


5. Chlorinator. 


rings. The contact time in the tower must 
be less than 10 minutes, the optimum 
being 6 minutes. 


7. Water. 
8. Storage tank. 
9. To point of use. 


This ClO2 production process is used in 
plants that have no supply of chlorine 
gas and no chlorine gas storage facility. 

Figure 727 shows a ClO; plant using 
concentrated reagents that are diluted at 
the reactor inlet: 

— sodium chlorite in a 25% solution 
(310 gl"); 
— hydrochloric acid in a 32% solution 
(370 gl’), 

The ClO; solution is extracted by an 
injector and then diluted in a storage 
tank. To obtain a chlorine dioxide solu- 
tion at 17 gl’, one volume of 25% 
sodium chlorite solution, at least 0.65 vol- 
umes of 32% concentrated hydrochloric 
acid, and 6 volumes of primary dilution 
water are required. One litre of NaClO2 
at 25% produces 125 g of ClO2. The ideal 


reaction time is 6 minutes. 
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STORAGE 


1. Reactor. 2. Mains water. 


Figure 727. Preparing ClOz using HC. 


6.3.3. Feeding chlorine dioxide 
solutions 


If the concentrated ClO? solution is not 
diluted at the reactor outlet, then it must 
be fed immediately. This unstable solu- 
tion decomposes into ClO; and ClO>. 
The diluted ClO: solutions can be fed im- 
mediately (ClO2 concentration ranging 
from 0.5 to 1 gl") or within a 24-hour 
period at this same concentration prior to 
the disinfecting treatment. 


6.3.4. Precautions 


- Preparing sodium chlorite solutions 

Sodium chlorite solutions can be pre- 
pared using powdered sodium chlorite. 
The precipitation of calcium carbonate 








J 
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3. Metering pump. 4, Pump. 


can be avoided by using pre-softened 
water. 


- Storing the solutions 

Concentrated solutions of NaClO2 are 
sensitive to the cold. A 25% solution of 
NaClO, starts to crystallize at about 
LOR. 

Solutions of sodium chlorite and 
hydrochloric acid must be kept in heated 
premises at 15°C. The kinetics of the 
ClO. formation decrease when the tem- 
perature of the reagents and the water 1s 
below 15°C. 


- Handling 

Chlorite is an oxidizing agent and must 
not come into contact with reducing mat- 
ter, such as: 
- sulphur and its derivatives, or any 
products containing sulphur; 
— organic matter; 
— powdered metals, etc. 
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6.4 iation in density creates the danger of 
creeping or arching, which must be coun- 


POWDERED ACTIVATED tered. 
Figure 728 shows a PAC storage, feed, 


CARBON (PAC) and distribution unit where all powder 
The density of PAC varies greatly transfers are pneumatic. The unit features: 
according to the degree of fluidization or (1) An unloading system. 


settling (200 to 600 kg.m”). This var- (2) A silo with control, safety, fluidiza- 


. Unloading system. 

. Silo. 

. Extractor. 

. Dust collector. 

. Transfer hopper. 
nes Intermediate hopper. 
See . Weighing hopper. 

. Preparation tank. 
. Acidification. 


. Pump. 
. Unloading and transfer air. 














Figure 728. Unit for the storage, feeding, and distribution of powdered activated carbon. 


6. Other preparations 


tion, and dry (3) and wet (4) air filtration 
devices. 

(5) A pneumatic hopper for transfers 
to the buffer storage hopper. 

(6) An intermediate storage hopper. 

(7) A weighing hopper with automatic 
feed slaved to the treatment rate and the 
flow rate of water to be treated. 

(8) A tank where the suspension is 
prepared. 

(9) An acidification system (acid or 
carbon dioxide) to compensate for the 
alkalinity of the carbon. 

(10) A pump to convey the PAC sus- 
pension. 

When the level in hopper (6) drops, 
the transfer hopper (5) is emptied and 





then refilled by pneumatic means by pres- 
surizing the hopper and opening the auto- 
matic valve. 

The transfer is stopped when the level in 
hopper (6) rises again. This hopper pneu- 
matically feeds the weighing hopper (7), 
where the filling rate and the quantity of 
weighed PAC depend on the treatment rate 
and the inflow of water to be treated. 

The tank where the suspensions are 
prepared (8) is used to mix the PAC with 
the transfer water. The suspension is then 
pumped at continuous flow rate to the 
point of use. 

The material and equipment must be 
suited to the abrasive nature of the prod- 


uct. 


- ‘ 


Figure 729. La Roche plant serving the city of Nantes in western France. Powdered activated carbon feed 


unit. Flow rate: 98 kg.h"'. 
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MEASUREMENT, CONTROL, 
AUTOMATION AND SUPERVISION 


1. MEASUREMENT 


bol 
GENERAL 


The permanent and automatic control 
of treatment processes implies measure- 
ment of a certain number of parameters. 
These may be classified into two large 
“families”, namely, common parameters, 
and parameters specific to water. 

COMMON PARAMETERS chiefly 
comprise flow rates, liquid or solid levels, 
pressures and temperatures. 

Water flow rate is an essential factor 
in any water treatment installation. 

Treating a water supply involves add- 
ing a certain number of reagents. These 
are generally stored in liquid form in 
tanks, or in powder form in silos. Meas- 
uring the level of the tank or the silo pro- 
vides an instant indication of the amount 
of product available, hence a means of 
calculating a resupply schedule. Such 


measurements also apply to various stor- 
age tanks (treated water, sludge, etc.). 


In such installations, numerous pres- 
sure measurements are also recorded. 
Examples are pump delivery pressures, 
internal pressure of vessels, filters, hydro- 
pneumatic vessels, deaerators, etc. Correct 
operation of filtering plant involves per- 
manent monitoring of clogging level in 
filter beds, which is generally provided by 
a differential pressure reading (or a simple 
pressure reading in the case of a constant- 
level gravity filter). 


Temperature measurements are 
essential in thermal processes such as 
deaeration, stripping, thermal condition- 
ing, incineration, drying, etc. These meas- 
urements are also useful in biological reac- 
tors, particularly those involving methane 
fermentation (or in some cases cold water 
flocculation). 
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Continuous measurement of a certain 
number of SPECIFIC PARAMETERS 
relieves the technician of much routine 
analytical work, and offers improved 
treatment in that response times are 
shortened. Such parameters chiefly 
involve turbidity, resistivity, pH, rH and 
the concentration levels of certain dis- 
solved matter. 


Turbidity is the reduction in transpar- 
ency of a liquid due to the presence of 
undissolved matter. It can indicate the 
degree of physical pollution of water to be 
treated, or the quality of water delivered 
for human consumption. Correlations are 
often drawn between turbidity and the SS 
content. 


Continuous monitoring of resistivity 
— or inversely, of conductivity — is essen- 
tial in checking water of very high quality 
(for HP steam generators, manufacture of 
semiconductors, etc.). Since each electro- 
lyte has its own conductivity level, resis- 
tivity measurements on natural water can 
only be expressed in terms of salinity if 
the proportions of the various salts remain 
constant. 


Continuous pH measurement is 
performed at numerous stages of the 
treatment process, and is a particularly 
suitable means of checking flocculation 
level, carbonate removal, disinfection, 
neutralization, etc. 


rH measurement associated with pH 
control is a means of checking oxidation- 
reduction reactions. 


Continuous dissolved-oxygen 
measurement is employed to ensure that 
aerobic conditions are maintained in bio- 
logical treatment facilities, and is also 


used to check the conditions necessary for 
aquatic life in surface water. 


The legitimate concern of preventing 
discharge of noxious substances into the 
environment, and of ensuring that such 
products are absent from water intended 
for human consumption, leads to the need 
for concentration measurements on 
many substances. Such techniques are 
applied to phenols, hydrocarbons, chro- 
mium, cyanides, detergents and so on. 
The danger represented by the presence of 
silica in boiler feedwater, or the need in 
certain cases to maintain a sufficient level 
of phosphates in water circuits, necessarily 
involves concentration measurements on 
such substances. 


Similarly, alkalinity and hardness 
measurements enable the associated 
parameters to be kept within limits, and 
so prevent scale deposits. 


Disinfection level is normally mon- 
itored by measuring the remaining quan- 
tity of the disinfectant itself (chlorine, 
bromine, ozone, etc.). 


In the treatment of wastewater by the 
activated-sludge method, sludge bulk 
density is measured automatically in per- 
centage terms by a “sedimometer”. 


Continuous measurement of chemical 
oxygen demand (COD) provides an 
evaluation of the dissolved pollutant loads 
entering a purification plant. It also 
allows the detection of unforeseen 
increases in industrial pollution, while 
monitoring the efficiency for a given 
treatment process. This type of meas- 
urement is nevertheless little used on ac- 
count of the associated difficulties. 





be 

MEASUREMENT OF 
GENERAL PARAMETERS - 
PRINCIPLES 


1.2.1. Flow measurements 


The measurement method differs 
according to whether the liquid is flowing 
in the open air or in a conduit. 


In the former case, the term employed 
is “open channel measurement”: the 
' principle consists in employing a weir, a 
crest, and a contraction in channel width 
in the form of a venturi to measure the 
volume at the surface of the liquid by the 
air-bubbling or ultrasonic methods. A 
sampler can easily be associated with the 
measurement apparatus. 


In-pipe flow measurements rely on 
various principles, depending on the type 
of fluid and the range of flow. 


Turbine flowmeters are often used 
for measuring clean water at low flow 
rates, particularly where volume meas- 
urements are required. 


Primary elements may be used for 
liquids or gases: these employ an orifice 
plate or a venturi to create a restriction in 
the conduit. The flow is obtained by 
measuring the pressure difference with the 
aid of a suitable conversion schedule. 


Electromagnetic flowmeters are 
used for measuring liquids containing 
heavy charges of suspended solids, or for 
obtaining good precision over a wide 
range of flow values. The operating prin- 
ciple is as follows: 


Water flowing through an insulated 
tube is subjected to a known magnetic 
flux of constant intensity, perpendicular 
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to the line of flow. The water behaves as an 
electrical conductor moving inside a mag- 
netic field. Two electrodes are located per- 
pendicular to the magnetic field, projecting 
inside the tube. The electromotive force 
created in the water between the two elec- 
trodes creates a potential difference (E), 
expressed by the formula E = k.DVH, 
where D, V and H are respectively the tube 
internal diameter, velocity of water, and 
value of magnetic field; k is a constant. 

The advantage of this type of flow- 
meter is that it induces no loss of head: 
the potential difference measured across 
the electrode terminals is proportional to 
the velocity of the fluid, and since the 
flow indication is linear, no additional 
apparatus is required. The high cost of 
such an installation when used in large- 
diameter systems limits its application to 
around 1000 m?.h™. 

Ultrasonic flowmeters (also called 
“transit-time flowmeters”) are based on 
the following principle: if two ultrasonic 
probes (emitter and receiver) are placed 
inside a moving fluid such that each 
receives the signals sent by the other, a 
propagation time difference is observed, 
depending on whether the acoustic wave 
is transmitted from upstream or from 
downstream. With reference to Fig- 
ure 730a: 

If: 
v = flow velocity, 
d = distance between probes, 
c = velocity of sound through this fluid 
@=angle between velocity vector and 
direction of probes, 
then the difference in transit time is 
expressed as: 

Ay = 2¥d cos 0 

c 

The above type of flowmeter also gives 

a linear flow measurement, and can meas- 
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ure even high flow rates in clear liquids 
without gas bubbles. 








Figure 730a. Schematic diagram of ultrasonic 
(‘transit-time”) flowmeter. 


Doppler-effect ultrasonic flow- 
meters (Figure 730b) also employ ultra- 
sonic emissions, but the receiving probe is 
located beside the emitting probe (or at 
least in the same housing), in order to 
capture the wave reflected by suspended 
particles or air bubbles. The velocity of 
the fluid flow is measured by comparing 
the variation in frequency of the reflected 
wave, with the frequency of the forward 
wave: this variation is proportional to the 
average velocity of the fluid across the ar- 
ea traversed by the ultrasonic waves. 






Receiver 


LLL LLL 


Figure 730b. Schematic diagram of Doppler-eftect 
ultrasonic flowmeter. 


Vortex velocity flowmeters (Fig- 
ure 731) use the vortices that are formed 
downstream of an obstacle placed in a 





fluid. These devices generally consist of a 
short section of pipe traversed by a bar 
with a suitable shape and size. The wake 
created around the bar generates vortices 
alternately to either side of the obstacle. 
The frequency at which the vortices are 
created (measured by a sensitive pressure 
sensor calibrated to detect oscillatory 
changes in pressure or velocity) is propor- 
tional to the flow. Vortex velocity flow- 
meters are employed for pure water and 
gases. 
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Figure 731. Oscillating vortices (after Karman). 


1.2.2. Level measurements in lig- 
uids 


Levels can be measured by many dif- 
ferent systems, only a few of which are 
described below. 

The oldest method consists of a float 
connected by a cable to a counterweight: 
the displacement of the counterweight 
gives a height measurement. 

Air-bubbling systems (Figure 732) 
allow level measurements of fluids at at- 
mospheric pressure. 

In these devices, the air flow is regu- 
lated by valve R such that bubbles are 
formed. The air pressure (read on a pres- 
sure gauge) is equal to fluid height H 
above the tube outlet (head losses being 
negligible). 











Figure 732. Air-bubble type level measurement. 


Diaphragm-box systems rely on the 
property of a diaphragm to distort pro- 
portionally with the applied load. Dis- 
tortion of the diaphragm can be measured 
electrically, the generated signal being 
proportional to the force acting on the 
diaphragm. 

Capacitance type systems (Fig- 
ure 733) contain no moving parts. Two 
electrodes — one coated with an insulating 
material — are installed in the recipient, 
forming a capacitor (generally supplied at 
medium frequency). Any variation in the 
height of the liquid leads to an alteration 
in electrical capacity, hence in the imped- 
ance of the capacitor. 


Figure 733. Principle of capacitance-type level 
measurement. 
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The ultrasonic level measurement 
device has no parts in contact with the 
product: it is therefore of particular inter- 
est where the latter is of a corrosive nature 
or would clog another type of sensor. The 
operating principle is illustrated in Fig- 
ure 734: 

An ultrasonic signal, emitted period- 
ically by a transceiver, is selected from the 
free surface of the fluid to be gauged. The 
time elapsing between emission of the sig- 
nal and reception of the echo is propor- 
tional to the distance between the emitter 
and the surface of the product, hence the 
level of the latter can be deduced. This 
type of sensor is used for liquids and cer- 
tain powdered products. 


Transceiver CO 


Reflective 





Figure 734. Ultrasonic level measurement. 


The level of powdered products can 
also be gauged by electromechanical 
detectors that periodically “feel” the sur- 
face of the product. 


1.2.3. Measuring loss of head (actoss 


filters, fluidized beds, etc.) 


Head loss measurements equate to 
pressure measurements. 

It is possible to employ differential 
pressure cells subjected to the pressures 
acting on either side of the granular bed: 
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the difference represents the loss of head, 
read on a dial pressure gauge or transmit- 
ted to a remote station. 


1.2.4. Temperature 


Water temperature is generally meas- 
ured using a resistor-type thermometer 
that transmits to a remote station. The 
principle is based on the increased resis- 
tivity of metals as temperature rises. The 


jheew 

MEASUREMENT 

OF SPECIFIC PARAMETERS 
— PRINCIPLES 


The measurement of specific water 
parameters uses apparatus employing var- 
ious traditional analysis methods on an 
automatic basis, in particular nephelo- 
metric analysis (measuring turbidity), re- 
sistivity measurements (measuring salin- 
ity), potentiometry (measuring pH and 
tH), amperometry (measuring the con- 
centration of oxidizing agent, chlorine, 
ozone and bromine), and photocolorim- 
etry and titrimetry (measuring the con- 
centration of certain substances dissolved 
in the water). 

The above apparatus can be classified 
into two main groups: one consisting of 
physical sensors, and one employing 
chemical analysis in which one or more 
chemical reactions are performed before 
the measurement is taken. 


1.3.1, Physical sensors 
A. Turbidimeters 


The level of turbidity is obtained by 
measuring the amount of light reflected 





electrical current traversing such a con- 
stantly-fed resistor is therefore inversely 
proportional to the temperature of the 
surrounding environment. 


For high temperature ranges (steam 
production, furnaces, etc.), the thermo- 
couple effect is employed, in which the 
potential difference is measured between 
two dissimilar metal elements jointed at 
one end. 


by Tyndall effect due to the presence of 
particles in the water. 

A light beam is directed onto the sur- 
face at such a degree of incidence that nei- 
ther it nor the reflected beam impinge on 
a photoelectric cell located roughly per- 
pendicular to the incident beam. The 
light reflected from the particles in sus- 
pension illuminates the light cell (the 
greater the number of particles, the higher 
the illumination), hence giving a meas- 
urement of the turbidity of the water 
(Figure 735). 

Depending on the apparatus used, the 
measurement range extends from 0 to 5000 
nephelometric turbidity units (NTU). 


B. SS concentration measurements 

The above types of sensors rely on the 
principle of absorption of a light beam 
(visible or infrared spectra) or an ultra- 
sonic wave. 

Multiple-beam devices are sometimes 
used to attenuate the effects of probe con- 
tamination, with certain equipment able 
to measure concentrations of activated 
sludge. 


C. Sludge level 

An SS concentration measurement sen- 
sor suspended from a cable and dipping 
into a settling tank or clarifier, can detect 





1. Measurement 











Blowdown 








1 - Wacrer inlet. 
2 - Water outlet. 
3 - Light source. 


Figure 735. Operating principle of turbidimeter. 


4 - Lens. 


a sludge level. A suitable device is pro- 
vided for raising or lowering the probe, as 
the sludge level changes (determined from 
the concentration threshold). 


D. Resistivity meters - Conductim- 
etry cells 

A strict association between resistivity 
and salinity is only possible in the case of 
demineralized water, which, in its ionized 
state, generally contains sodium salts only. 
It is therefore possible to automatically 
check the concentration of acidic or alka- 
line regeneration solutions employed in 
ion exchangers. 

The principle is straightforward and 
simply involves measuring the intensity of 
an electric current received by the termi- 
nals of two electrodes of known geometry, 
immersed in the water and subjected to 
an alternating potential difference; the 
higher the dissolved acid, salt or base con- 
centration, the greater the frequency 
required in the power supply (to avoid 
polarization phenomena). 





5 - Inadent light. 
6 - Reflected light. 


7 - Refracted light. 
8 - Photoelectric cell. 


Since the resistivity of water depends 
on the degree of dissociation of the dis- 
solved molecules it contains, the majority 
of devices include an automatic temper- 
ature compensator, which corrects the 
measured temperature against a reference 
temperature. 


E. pH meters 

In industry, pH measurements are 
always made by potentiometric analysis 
using two electrodes: a reference electrode 
and a measuring electrode. The reference 
electrode is immersed in a solution with a 
constant concentration of hydrogen ions. 
An electrically conducting separator is 
placed between this reference solution and 
the main solution to be measured for pH, 
in which the measuring electrode is 
placed. A voltage (representing a linear 
function of the hydrogen ion concentra- 
tion of the solution) is then generated 
across the electrode terminals. The pH 
reading is obtained by connecting the ter- 
minals to a voltmeter. 


1103 


1104 


Chap. 21: Measurement, control, automation and supervision 


In practice, the electrodes are joined 
together to form a probe. 


There are several types of measuring 
electrode: such as the very precise hydro- 
gen electrode and the quinhydrone elec- 
trode used only in laboratory applications; 
the rugged antimony electrode employed 
in industrial applications; and the uni- 
versally employed glass electrode. The lat- 
ter consists of a small thin-walled bulb 
containing a silver electrode and a protect- 
ing fluid. 


The reference electrode is generally 
made of calomel (HgCl) or silver chloride. 
The former is most often used, usually in 
the form of a tube filled with a saturated 
KCI solution containing a given quantity 
of mercury and calomel; the potassium 
chloride solution is diffused gradually 
through the liquid via a porous sep- 
aration. There are several types of silver 
chloride electrodes with differing levels of 
electrolyte concentration (KCI). 


Determining pH consists, therefore, in 
measuring the electromotive force of a cell 
with one highly resistant electrode (glass). 
Resistance may be as high as several meg- 
ohms. The electromotive force has a value 
of several millivolts, and must be meas- 
uted without passing any current (to 
avoid any phenomenon of polarization). 


The electrodes may be of the dip or 
flow type, and may or may not include a 
cleaning device. Since the resistance of the 
glass electrode varies with temperature, 
pH meters employing this technology are 
generally compensated. 


In all difficult applications where there 
is risk of contamination of the reference 
cell by the medium being measured, or 
when measuring under pressure, the elec- 
trolyte is replaced by a gel solution. 


Measuring oxidation-reduction 
potential (Ex) also equates to meas- 
uring electromotive force; the measure- 
ment electrode is generally made of pol- 
ished platinum. The measurement is 
made in an air-free atmosphere (under 
nitrogen). 


‘pH measurement devices con- 
nected to selective electrodes provide 
the concentration level of certain ions 
such as Na’ and CI. The potentiometric 
measurement of Na” ion activity is car- 
ried out using a glass electrode, and that 
of the CI’ ions by a silver-silver chloride 
electrode. 


F. Amperometric analyzers 
Amperometric analyzers used in indus- 
trial water treatment applications for the 
continuous measurement of oxidizing 
agents apply simplified amperometry 
techniques. The measurement cell, which 
is constantly supplied with a set volume 
of water for measurement, consists of a 
corrosion-resistant polarizable cathode (for 
example, platinum), and an anode made 
of copper, cadmium, silver, etc. In the 
absence of an oxidizing agent, the cell 
thus formed is polarized, and traversed by 
only a weak current. Depolarization of the 
cell, and therefore the intensity of the cur- 
rent it produces, is closely proportional to 
the concentration of oxidizing agent being 
reduced at the cathode. Thus the water 
can be measured for its concentrations of 
chlorine, bromine, ozone and oxygen. 
Where the target substance is likely to 
combine to produce compounds (such as 
chloramines from chlorine), automatic 
pH adjustment is necessary to determine 
the quantity of free chlorine and bound 
chlorine. Measurement cells generally have 
water stirring devices to optimize diffu- 





sion of the depolarizing agent towards the 
cathode, and to continually clean the elec- 
trodes. The stirring device is made either 
of glass beads which are driven against the 
electrodes by the water current, or by a 
motor-driven rotating brush. 

The disadvantage of such devices 
resides in the fact that they measure the 
sum total of oxidizing agents. They are 
only fully suitable where the water con- 
tains a single substance in variable con- 
centrations. The effect of any other var- 
iable-concentration substances can be 

_ cancelled out by altering the zero setting 
of the instrument. 

Another type of amperometric analyzer 
measures oxygen concentrations by polar- 
ography. In this instrument, the probe 
comprises a gold cathode and a silver 
anode immersed in an electrolyte consist- 
ing of a potassium chloride gel isolated 
from the liquid to be tested by a PTFE 
diaphragm. The electrodes are subject to a 
constant potential difference. Dissolved 
oxygen is diffused through the diaphragm 
to produce an oxidation-reduction reac- 
tion: 

OF P20 +4640 
which follows the reaction of electrolytes: 

4Ag + 4Cl — 4AgCl + 4e° 

The intensity of the current is propor- 
tional to the partial oxygen pressure in the 
liquid phase. 


1.3.2. Specific analyzers 


The presence of certain substances dis- 


1.4. 
ON-OFF SENSORS 


The measurements obtained using the 
above methods are often compared with a 


1, Measurement 





solved in water can be analyzed by auto- 
matic photocolorimeters, which as 
their name suggests, automatically per- 
form preliminary operations required in 
photocolorimetric analysis. The principle 
consists in the use of reagents to trans- 
form the sought element into a coloured 
compound (most often complex) whose 
degree of colouration increases with con- 
centration. The measurement is made by 
quantifying the light energy transmitted 
through the solution: the lower the light 
level, the higher the concentration (per 
the Beer-Lambert exponential law). 
Hence parameters such as concentration 
of silica, phosphate, phenols, deter- 
gents, iron and hydrazine, as well as 
fresh water hardness, are currently 
measured on a totally automatic basis to a 
maximum of one-tenth of a milliequiv- 
alent per litre. 

A given chemical parameter can be 
measured (by titration) using an auto- 
matic titrimetric analyzer. According 
to a predetermined analytical cycle, a 
titrated solution of a suitable reagent is 
progressively added to a fixed-volume 
sample of the test water. The reagent re- 
acts with the element whose concentration 
is sought, to form a known compound. 
The reaction end point is determined once 
a certain pH level is detected, using either 
a traditional pH meter or by colour 
change in the water using a suitable indi- 
cator. 

Various laboratory analyses are 
described in Chapter 5, par. 3.2. 





reference value (known as a “threshold”) 
such that if the measurement exceeds the 
threshold, the system alerts the operator 
or acts automatically on a control device. 
In this case, the useful information is not 
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a continuous value but an On-Off (or 
binary) indication: the threshold is ei- 
ther exceeded or not. 


Other sensors deliver On-Off indica- 
tions only, and are much used in indicat- 
ing systems, alarms and automatic con- 
trols. 


A pressure switch detects a pressure 
threshold, and a thermostat detects a 
temperature threshold. 


The end of travel of a piece of trav- 
elling equipment (rotating scraper bridge, 
automatic screen rake or valve shutter) 
can be detected by a mechanical limit 
switch containing a plunger that pushes 
an electrical contact, or by an electronic 
proximity detector which opens or 
closes an electric circuit as an object is 
detected within a sensitive zone, without 
touching the sensor. 


The level of a non-demineralized water 
volume is determined using a conduc- 


LD. 
WARNING STATIONS 


The equipment used in warning sta- 
tions and automatic analysis centres de- 
pends on the functions supplied. Gener- 
ally, functions are divided into two types: 
— monitoring: equates to analyzing the 
quality of surface water, normally by 
using simple parameters (pH, temper- 
ature, etc.) and measurement apparatus 
receiving organic data (TOC, UV absorp- 
tion, etc.); 

- pollution warning: applies to rivers 
used for drinking water supplies to indus- 
trial conurbations. The measurements are 
made by devices applying to specific 


timetry cell consisting of an electrode 
located at the desired level. Since the 
water is connected to earth, a current is 
established between the water and the 
electrode once the latter is immersed. 

For wastewater, a float switch is gen- 
erally preferred; the most common type 
consists of a tilting mercury switch 
encased in a float suspended above the 
water surface on a cable. 

For powdered substances or heavily 
loaded or clogging liquids, a vibrating 
detector is employed, in which the vibra- 
tion of a blade varies depending on 
whether it is immersed or not. 

In the case of pressurized enclosures at 
high temperatures, gamma ray detectors 
are employed. 

Finally, other types of sensor deliver 
pulses of varying frequency used for meas- 
uring purposes. Examples include propel- 
ler-type flowmeters, rotation controllers, 
particle counters, etc. 


parameters (ammonium, hydrocarbons, 
heavy metals, etc.), and general toxicity 
testing devices (ichthyotest) associated 
with automatic sampling devices. 


Parameters for measurement are deter- 
mined after risk studies examining poten- 
tial pollution sources. Nevertheless, the 
range of devices available on the market 
does not cover or detect all possible acci- 
dental pollution sources. 


Preparation of samples for analysis 
requires consistent care necessitating, for 
certain measurements, pretreatment such 
as settling, hydrocycloning or filtering 
without contaminating the sample or 
removing the target element (Fig- 


ure 736). 
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(1) Infrared hydrocarbon detection. 
(2) Liquid concentration and organic extraction. 


Figure 736b. Schematic diagram of CEB’s Mont-Valérien warning and automatic test station near Paris 


(France). 
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Measurement signals are processed in 
one of two ways: 


— either real time transmission of a pollu- 
tion warning to plant personnel, with 
triggering of a sampling procedure for 
manual verification by laboratory analysis 
(equipment failures are also transmitted 
in the same way); 


— storage of measured values for off-line 
data processing. 
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The maintenance and running of such 
a station require personnel highly qual- 
ified in diverse disciplines, and represent 
an annual cost of between 10 and 25 per- 
cent of the initial investment value, de- 
pending on the complexity of the analyt- 
ical methods used. 


Tables 84 and 84a resume the purpose 
of the various measurements performed in 
a warning station. 


Table 84. Purpose of automatic sample-taking for laboratory analysis. 


Analytical Bollencatearnin Natural environment 
parameters 8 quality control 


Continuous 
samplers 


Perpetual sampling 
Laboratory analysis 


Liquid-liquid 
extraction 





pesticides, PAH, etc. 





Sampling beyond threshold 


Unknown organic matter 

- Analysis of organic traces 
(mg, Hg, ng.I') by rapid GC 

- Sampling beyond threshold, 


Laboratory analysis program 


Study of organic micropollutants 
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Table 84a. Purpose of automatic analysis at warning station. 






















Analytical 


parameters 


pH 





Temperature 


O2 


Conductivity 
Turbidity 
(90°, 180°) 
TOC 


NHg 


NO; 


UV (254 nm) 


Heavy metals 





Hydrocarbons 
(CH)? index) 


Ichthyotest 
(extension of 







River rate 
(speed + 
depth) 


biological tests) 


Heavy organic pollution ~ 





Heavy mineral pollution - 


Rainwater drainage system - 
overflows 

Heavy organic pollution of - 
varying origin - 
Specific industrial and municipal |- 
wastewater pollution - 


Specific and agricultural - 
pollution 


Pollution from benzene 
derivatives 

Specific pollution (surface 
treatments, fine chemicals) 








Hydrocarbon spillages 
High-strength detergent 
interference 


Water proves toxic for subject 


fish 















Transfer time of polluted 
stretches 





; . Natural environment 
Pollution warning quahepeontcol 





Industrial waste pollution 
Heavy photosynthesis 


Seasonal variations 
Fish farming and biology in 
general 


Organic waste 
Photosynthetic activity 
Rainfall 


Seasonal variations 
Industrial waste pollution 


Seasonal variations and 
hydrological conditions 
Variations in river activity 
Seasonal variations 

Water quality 

Biological activity 

Chronic pollution 
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Transformation of ammonia 
nitrogen 

Agricultural pollution 
Semi-qualitative indication of 


OM 

Chronic discharge of 
industrial pollutants 
Washing of highways and 
bridges 

Chronic pollution 











Correlation with analysis 
parameters 
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1.6. 
INSTRUMENTATION 


1.6.1. Definitions 


The range of interconnected instru- 
ments employed to measure and process 
a parameter is known as a measurement 
loop or measurement line. 

The primary component of such a loop 
is the sensor, which directly or indirectly 
converts the measured parameter into an 
electrical signal. The sensor is active 
when it generates an electrical signal as a 
function of the measured parameter. This 
signal which is very weak, is known as a 
“low-level signal”: it must be amplified in 
order to be transmitted any distance. 

The passive sensor operates by a var- 
1ation in impedance, caused by the param- 
eter being measured, and must therefore 
be supplied from an external source. 

Under the action of the sensor, the 
transducer generates a “high-level sig- 
nal” (generally in the form of a voltage, 
for example, 0-10 volts, or a current, for 
example 4-20 mA). 

The first figure designates the base of 
the scale, that is, the value of the signal 
when the measured parameter (“meas- 
urement’) is minimal, whereas the second 
figure designates the top of the scale, that 
is, the value of the signal corresponding to 
a maximum “measurement”. 


1.6.2. Conversion law 


The conversion law defines the rela- 
tionship between the value of the meas- 
urement, and the value of the signal (Fig- 
ure 732). 

The law is said to be linear when the 
equation takes the form: 

§ = §, + Sa = 5 (x - x,) 
Xm — Xo 


where: 

S is the value of the signal, 

x is the value of the measurement, 

So is the value of the scale base sig- 
nal, 

x is the value of the measurement 
for the scale base signal, 

oe is the value of the scale top sig- 
nal, 

<a is the value of the measurement 
for the scale top signal, 

Xm — Xo is the range of the measurement 


scale, 
Sm — So is the range of the signal scale. 


A difference in the value of the meas- 
urement results in a proportional differ- 
ence in the value of the signal. 


The law is quadratic when S - §, is 
proportional to the square of x — Xo. 


The law is logarithmic when §S - §, is 
proportional to the logarithm of x - xo. 





1 - Linear conversion law. 
2 - Quadratic conversion law. 
3 - Logarithmic conversion law. 


Figure 737. Examples of conversion laws. 





The signal thus obtained is transmitted 
to a series of receivers whose function is 
to: 

— transform the data into intelligible for- 
mat (for example, on a dial pointer or 
digital gauge, recorder, data acquisition 
unit, computer, etc.); 

— process the data in order to intervene 
automatically in the process (through a 
regulator, programmable logic controller, 
etc.). 


1.6.3. Quality factors 


In order for the measurement loop to 
operate correctly, it is essencial to have full 
compatibility between all the instruments 
connected into the loop, to ensure that 
impedances are matched and that the 
loop is electrically isolated from other 
measurement loops, etc. 

The data obtained, particularly if 
intended for an automatic control system 
or for log-recording, must represent as 
closely as possible the actual value of the 
measured parameter. 


Numerous factors can induce errors be- 
tween the value of the measured param- 
eter, and the delivered data. In particular: 
a — The precision of each instrument in 
the loop, characterized by its precision 
class. This class, expressed as a percent- 
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age, 1s the quotient of the degree of incer- 
titude for the value obtained, by the cor- 
responding scale and for given operating 
conditions. 

b — Systematic errors, due to incorrect or 
infrequent calibration, or inappropriate 
installation conditions, etc. 

c -— Accidental errors, due to spurious 
signals, lack of correction (temperature, 
pressure, position, humidity, etc.). 

d - Reliability of instruments: correct 
operation can be jeopardized by faults, 
sample-line blockages, insufficient main- 
tenance, etc. 

e — Choice of parameter, which should 
correspond to the function of instrument 
(which equally affects the degree of confi- 
dence in the delivered data). For example, 
estimating the oxygen demand of a water 
supply by taking a measurement requir- 
ing prior filtering of the water is not a 
good choice if a large proportion of the or- 
ganic pollution is associated with the pres- 
ence of other SS. 


In conclusion, drawing the maximum 
advantage from measurement sensors and 
their associated instrumentation inevi- 
tably entails the acceptance of certain con- 
straints such as cleaning of probes, regular 
calibration, preparation of reagents for 
analyzers, troubleshooting and so on. 
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TECHNOLOGICAL 
DEVELOPMENTS 


Significant developments are envisaged 
with the appearance of intelligent sensors, 
miicrosensors, and the use of mathemat- 
ical models. 


1.7.1. Intelligent sensors 


The development of programmed 
microelectronics opens the way for new 
types of interactive digital sensors known 
as “intelligent systems’. The main feature 
of these sensors is their internal calculat- 
ing and processing capacity, which gives 
them increased metrological and oper- 
ational capabilities as compared with tra- 
ditional analogue sensors. 


An intelligent sensor generally provides: 
— increased precision, through its ability 
to provide automatic correction and a 
wide measurement range; 

— increased operational reliability, through 
self-test capabilities; 

— integration into the overall automated 
system, through the use of communi- 
cations facilities. 

The development of this type of sensor 
is opposed by cost constraints, but will 
nevertheless continue, on account of par- 
allel developments in communications 
networks (Page 1161), and particularly 
field networks. 


1.7.2. Microsensors 


A second development results from the 
introduction of microelectronics into 





probes themselves for chemical and bio- 
logical laboratory analyses. The tech- 
nology consists of a field effect transistor 
in which a silicon chip is in contact with 
the liquid under analysis, via a dia- 
phragm. The nature of this flexible dia- 
phragm conditions the selectivity of the 
sensor. 

The main advantage of microsensors 
rests in their miniaturization, their easy 
integration with signal processors, and 
their manufacturing possibilities. Low 
costs and large-scale production has led 
to the notion of the “throwaway probe”. 


1.7.3. Modelling 


Irrespective of the progress of sensor 
technology, certain measurements remain 
difficult to make by automatic means 
offering the continuity and _ reliability 
that are so important in the automatic 
control of certain treatment processes. 

Future openings will arise with the 
application of data processing tech- 
niques. The initial task is to assemble a 
large number of automatically and 
manually acquired data, and then, by 
the use of mathematical tools for statis- 
tical calculation, to determine the most 
significant correlations interlinking the 
various parameters. It is then possible to 
rapidly calculate a probable value for a 
given parameter, using other, more sim- 
ple or more rapid measurements. Never- 
theless, the models thus calculated (often 
purely stochastic), are specific to the 
installation in question, and their value 
depends on that of the initial data (Page 
1120). 
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GENERAL 


2.1.1. Purpose 


The automation of water treatment 
plants has become a necessity. Rather 
than simply following prevailing trends, it 
is important to closely analyze the objec- 
tives of automation and to reflect on why 
and where automation is required. 


a — Improving operating conditions 

The primary function of an automated 
system is to remove the need for re- 
petitive and difficult operator tasks, 
by installing actuators on important or 
frequently used valves, or motorizing 
screens, etc. 

More recently, automation and com- 
puterized control have led to increased 
comfort by enabling control - even over 
long distances — of a greater range of data 
presented in user-friendly format, and the 
simplification of operator tasks, monitor- 
ing, maintenance and plant management. 


b - Improving plant performance 

The first aim is to improve treat- 
ment quality by instigating internal pro- 
cedures and regulations concerning the 
process, such as dosage of reagents, ox- 
ygenation levels, reactor temperature con- 
trol, etc. 

Automating such procedures also 
reduces the risk of human error, thus 
increasing reliability: an example might 
be the automatic washing of filters irre- 


spective of weather conditions. One main 
objective is to improve the operational 
safety of the plant, allowing for known 
reliability factors and investigating crip- 
pled mode operation. An understanding 
can thus be gained as to the plant’s ability 
to operate in the event of an equipment 
failure by the automatic cut-in of a 
back-up system and the implementation 
of repair steps, etc. 


Automation, coupled with data stor- 
age, is a means of proceeding towards sta- 
tistical analysis of collected data and the 
potential assistance in improving the 
treatment process. 


c — Increasing production 

Automation can also result in 
increased productivity by reducing op- 
erating costs. Hence energy costs might be 
optimized in terms of off-peak tariffs, or 
savings might be made in terms of con- 
sumable products. 


Reductions in shift workers, or the set- 
ting up of a preventive maintenance 
structure can also result in cost reductions. 


d - Assisting supervision 

This type of assistance includes the 
installation of sensors, alarm detectors, 
data recorders and transmitting equip- 
ment, up to fully computerized control. 


Automation is not an end in itself. The 
complexity of the plant must be suited to 
locally available skills and objectives. 
Automation must be regarded as an aid, 
not as a constraint. 
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One of the effects of reliable automa- 
tion is to make the plant owner “lose his 
memory”, since he is no longer in direct 
contact with the process. Nevertheless, 
the advantages of automation are obvi- 
ous if the installation is designed and 
operated by a treatment specialist with 
long experience of local conditions and 
skills in widely differing processes. 


2.1.2. Structuring an automated 
system 


The control part supplies orders to 
the process part (pumps, valves, etc.) 
by means of actuators, and receives 
data regarding the status of the process 
via sensors (Figure 738). 

Hence an automated system com- 
prises process equipment, actuators, sen- 
sors and control equipment. 

In addition to the order-report dia- 
logue between sensors, actuators and 
control equipment, the control system 
also exchanges information with the op- 
erator, who issues instructions, and 
provides him with reports by means of 
indicator lights, for example. 

An automated system is a closed- 
loop system: the control part sets the 
status of the actuators, which in turn 
modify conditions at the sensors, whose 
data are transmitted to the control part, 
which uses the data to control the actua- 
tors, and so on. 


An automated system is convention- 
ally seen from the control side: 
— data from the sensors and the oper- 
ator are regarded as system inputs; 


— commands issued to the actuators, and 
reports issued to the operator, are system 
outputs. 


Process 
part 


Actuators | Process | Sensors 


Orders 


Outputs 


Reports Instructions 





Figure 738. The structure of an automated system. 


Automatic control systems are gener- 
ally classified into two large groups, de- 
pending on the type of inputs and outputs 
(“I/O”) used. 

a — Logic controllers employing “On/ 
Off” I/O techniques, where each input or 
output can have two states, for example, 
open/not open, true/false, etc; 

b - Continuous controllers employ- 
ing I/O representing analogue or digital 
signals. 

Combinational and sequential control- 
lers are classed as “logic controllers”, 
whereas regulators are “continuous con- 
trollers”. 


2. Automation 


22. 
CONTROL 


2.2.1. General principles 


Automatic control generally employs a 
device called a controller to establish a 
correlation between two physical variables 
x and y, said to be “coupled” if an action 
by x on y generates feedback by y on x, 
tending to cancel the initial action. x is 
termed the controlled variable and y, 
the manipulated variable. If x receives 
an imposed value x. (the “set-point 
value”), any discrepancy between x and 
X. will affect y such that y will change to 
cancel the discrepancy. Hence a closed 
loop is established, whereby any mod- 
ification in the value of x will automat- 
ically return x to its set-point value x, 
(Figure 739). 

An automatic control unit comprises: 
— a device (sensor) which measures the 
controlled variable; 

— acontroller which compares the x value 
of the sensor with set-point value x, and 
generates an action affecting manipulated 
variable y; 

— a regulating device (actuator) for mod- 
ifying the manipulated variable. 


To avoid disturbing the measurement, 
the controller is usually supplied from an 
external source providing the energy nec- 
essary for coupling the two values. This 
energy itself is modulated by a signal 
from the measurement sensor. If the 
effect of the feedback manipulated var- 
iable on the action (controlled variable) is 
exaggerated, the system may become 
unstable due to a phenomenon of 
repeated oscillation known as hunting. 

If the state of the system can be 
defined by a function comprising no time 
factor, it is called a steady state system. 

If one of the parameters of the function 
assumes a new value and the system only 
adopts the new balancing value after a 
certain delay (during which the param- 
eters continue to vary according to an 
exponential curve or a damped sine 
curve), the term “transient state” is em- 
ployed (Figure 741). 


2.2.2. Traditional modes of control 


a — The simplest type of control is the 
On-Off mode. In an application such as 
controlling the level of a storage (h = con- 
trolled variable) where a variable 
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Figure 739. Closed-loop control. 
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offtake is drawn off to meet consumption 
requirements, this mode of control would 
comprise a valve located on the fluid inlet 
(Figure 740) which is closed, hence inter- 
rupting the inflow (“manipulated var- 
iable”) when the storage level exceeds set- 
point value hy (by Ah:). When the level is 
below the reference variable (by Ahz), the 
valve is open. This simple type of control 
normally does not provide level-holding of 
any great precision unless the storage has 
a large volume in relation to the through- 
put, or if very frequent valve cycling is ac- 
cepted. 








Figure 740. On-Off control mode. 


b - The proportional action mode 
consists in making the intensity of the 
action on the manipulated variable pro- 
portional to the discrepancy between the 
controlled variable at instant c, and the 
set-point value. It can be shown mathe- 
matically that after the appearance of a 
permanent perturbation, a simple propor- 
tional action is not capable of returning 
the controlled variable to its set-point 
value: a difference always exists, which 
can only be cancelled by adding an inte- 
gral correction to the proportional action. 
The proportional control method estab- 
lishes a linear control law between the 
controlled variable and the action on the 
manipulated variable. Projecting the con- 


troller’s characteristic slope along the 
X-axis (equating to the values of the con- 
trolled variable), those of the manipulated 
variable being marked along the y-axis, 
produces the proportional band. This is 
generally expressed as a percentage of the 
total measurement range of the device. 

The width of this band is modified by 
varying the angular coefficient of the con- 
troller’s characteristic slope. The difference 
between the set-point value of this partic- 
ular controlled variable, and that assumed 
after appearance of a disturbance followed 
by action of the regulator side, decreases 
as a function of the band width; howev- 
er, too great a reduction in the latter leads 
to the phenomenon of hunting and 
unstable control. This disadvantage can 
be remedied by adding an integral mode 
into the control process. 


c - The integral action mode renders 
the intensity of the action on the manip- 
ulated variable proportional to the time- 
related integral of the deviations existing 
between the value of the controlled var- 
table and the associated set-point value. 

This method of control can be 
expressed in the following mathematical 
form: 


ae 
dt 


where y and x are respectively the relative 
variations occurring in the manipulated 
variable and the controlled variable, pro- 
portional factor k being the “reset rate”. 
When used in a proportional control sys- 
tem, the integral mode progressively can- 
cels the error encountered in the first con- 
trol method (that is, between the 
controlled variable and its set-point 
value). In practice, it corresponds to an 
automatic shift in the proportional band. 





Hence a proportional-integral control sys- 
tem progressively returns the controlled 
variable to its set-point value within a pe- 
riod that decreases as the reset rate 
increases. Since the proportional action 
does not involve any time factor, and the 
integral action is implemented progres- 
sively, it will be appreciated that a control 
system limited to these two actions alone 
would be incapable of generating a correc- 
tion to counter a rapid, high-amplitude 
disturbance. Such a correction - propor- 
tional to the speed of the disturbance — is 
therefore produced automatically in the 
control system by a derivative action, also 
known as rate action. 


d — The derivative action renders the 
intensity of the action on the manipulated 
variable proportional to the time-related 
derivative of the deviation between the 
instantaneous value of the con- 


Measured value- 
set point deviation 


Disturbance 
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trolled variable and its set-point value. It 
can be expressed in the following mathe- 
matical form: 


y=-k& 

dt 
This corresponds to reducing the pro- 
portional bandwidth at the instant of the 
disturbance, or in other words, to increas- 
ing the sensitivity of the control system, 
then returning the latter to its initial 
value, proportionally to the speed at 


which the effect of the disturbance is can- 
celled. 


The curves in Figure 741 are a simpli- 
fied representation of the three control 
modes, showing how the value of the con- 
trolled variable evolves over time follow- 
ing a sudden disturbance. 


The proportional action (curve 1) 
leaves a certain error between the set- 


Permanent deviation 


Figure 741. Response curve according to mode of control. 
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point value and the value measured for 
the controlled variable. 


The proportional-plus-integral action 
(curve 2) slowly returns the controlled 
variable to its set-point value. 


The proportional-plus-integral-plus- 
derivative action (curve 3) gives faster 
cancellation of the deviation created by 
the disturbance. 


The above curves give only a general 
appreciation of the phenomenon: equilib- 
rium is always accompanied by varying 
levels of oscillation, depending on the 
degree of influence of the respective 
modes. 


The three combined control modes 
explained above are intended solely to 
maintain automatically a variable func- 
tion at a fixed, preset value. The problem 
to be solved is often more complex, and 
may involve establishing a correlation be- 
tween the variable value of a certain func- 
tion and another function, or the alter- 
ation of a physical magnitude in respect 
to time by a programmed controller. 


2.2.3. Choice of control mode 


Any control problem must be subjected 
to precise analysis to determine the opti- 
mum control mode and type of control 
system. 


The first operation consists in selecting 
the manipulated variable (y) which, when 
coupled with the controlled variable (x), 
will stabilize the latter at its set-point 
value (x.) further to any change in var- 
iable x created by external effect (disturb- 
ance). 


After selecting the manipulated var- 
iable, it is necessary to analyze the system 
formed by the process, the measurement, 
control and correction elements. The proc- 
ess element (plant) may have a varying 
susceptibility to variations, such as high 
or low imertia, etc. The measurement 
component sensing the controlled variable 
may feature a certain measurement lag 
which combines with the lag inherent in 
the corrective action of the controller 
proper, plus a further lag created by a cer- 
tain hysteresis in the correction device. It 
will be appreciated that if the resulting 
lag is too high, the corrective action will 
be performed out of step, since the mal- 
adjustment will have since changed direc- 
tion. 


Selecting the control mode therefore 
depends on the nature of the plant, and 
the degree of precision and stability de- 
sired. 


The proportional action mode gen- 
erally returns an adjustment with little 
precision. Nevertheless, the precision level 
is quite sufficient in, for example, the case 
of level control, where a relatively low 
proportional bandwidth can be employed, 
against a trade-off of slight hunting. In 
other cases, such as controlling the water 
level of a filter, the phenomenon of hunt- 
ing could prove prejudicial to the water 
quality, hence it is recommended to em- 
ploy a relatively wide band, and tolerate a 
few centimetres’ difference in water level 
between a freshly washed filter and a 
clogged filter. 


The proportional-plus-integral 
action mode provides better precision 
independent of the size of the propor- 
tional band. 





Since the integral action behaves as if 
it were exponentially augmenting the 
proportional action coefficient against a 
time function, it will be appreciated 
that this mode of control can contribute 
to unstable operation in plants having 
high inertia. 


The proportional-plus-integral- 
plus-derivative action mode, which as- 
sociates the scale of the correcting action 
with a time function relating to errors 
in the controlled variable, allows auto- 
matic control of intrinsically unstable 
systems prone to sudden and relatively 
high degrees of disturbance. 


For example, the level in the tank of 
a deaerating heater can be automat- 
ically controlled by simple proportional 
action on the admission control valve, if 
the tank capacity is sufficiently high 
compared with the water throughput. 
Pressure can be controlled with a high 
degree of precision by a proportional- 
plus-integral-plus-derivative action if 
one of the disturbance parameters 
(water flow, water temperature or 
steam pressure) is susceptible to sudden 
variations. In the opposite case, a pro- 
portional-plus-integral action is suffi- 
cient. 


For certain water treatment prob- 
lems, these four control modes taken in- 
dividually are still insufficient, and it is 
necessary to install multi-element con- 
trol loops. This is the case where the 
controlled variable depends on several 
independently changing parameters 
likely to have a high influence on the 
controlled variable. Using one or other 
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of the described control methods would 
induce instability in the system, evi- 
denced by hunting. Hence maintaining 
constant the proportion of free chlorine 
C in a variable-flow treated water sup- 
ply involves three parameters: flow rate 
of water to be treated (Q); chlorine 
demand (D); and throughput of chlo- 
rine metering unit (q) (taken as the 
manipulated variable). The first step to 
solving the problem is to determine the 
proportion of q to Q, without awaiting 
a variation in C with respect to the 
set-point value; the second step consists 
of correcting errors of C. If the plant 
has a high inertia, the problem is 
solved simply by the On-Off control 
method. In this case, if the correcting 
device is a valve, it will be opened for 
constant periods proportional to Q, 
hence automatically metering q against 
Q. This period is automatically cor- 
rected by the optimum control law to 
cater for errors of C in relation to its 
set-point value. 


Since the assembly comprising the 
measuring element, the controlled sys- 
tem, the actuator and the controller 
forms a closed loop, it is sometimes 
necessary to employ feedback con- 
trollers (themselves consisting of closed 
loops), since a fraction of the controller 
output signal (governed by the reset 
rate) is reinjected into the controller 
input. The controller thus receives a 
signal corresponding to the difference 
between the controlled variable and the 
feedback. This solution, particularly 
when employed for controlling a filter 
level, leads to improved reliability and 
stability. 


LES 
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2.2.4. Programmable technology 
and modelling 


Control technology was for a long time 
based on analogue controllers, which are 
still employed for simple or very rapid 
processes. Nevertheless, numerical 
controllers are increasingly arriving on 
the scene. 


A numerical controller operates using 
the principle of signal-sampling. Signals 
emitted by sensors and the set-point value 
are digitized at regular intervals. These 
data are interpreted by software (control 
algorithms), which periodically calculates 
a control signal for the actuator. 


Depending on the calculation means 
required and the other requirements of 
the plant, the algorithm can be located in 
a microprocessor-based controller, a pro- 
grammable logic controller, a control 
computer, a microcomputer, etc. 


Certain algorithms transpose the con- 
ventional functions of analogue control- 
lers. Hence the proportional (P), integral 
(I) and derivative (D) control modes can 
be translated into periodically executed 
calculation programs. 


The numerical controller can control 
parameters other than the controlled var- 
table and the manipulated variable, and 
can change algorithm to suit the con- 
text: the controller has several algorithms 
stored in memory, and switches from one 
to the other: 


— either as commanded by the process 
sequence (for example, slow startup fol- 
lowed by level control as seen on the 
Aquazur filter); 


- or following an operating incident (in 
particular, sensor failure). For example, 
controlling the pumping of excess sludge 
during biological treatment can differ 
according to whether the measurements 
for the raw water flow rate or the sludge 
concentration are enabled or not. 


e Adaptive controllers 

Certain adaptive numerical con- 
trollers can automatically correct the P, I 
and D control coefficients mentioned 
above, by observing the dynamic response 
of the process to each disturbance (that is, 
the value, the period and the damping 
coefficient) (Figure 742a). 

Such controllers can render useful serv- 
ice in processes where identification is dif- 
ficult (i.e., ill-defined operating condi- 
tions). 

For complex but otherwise well-defined 
processes, the control method is based on 
a model reference, in which a mathe- 
matical calculation is employed to predict 
the theoretical response (Xm) of a process 
to a given request. Comparing this value 
with the real response (X,) provides the 
change of algorithm mentioned above for 
the adjustable controller (see Fig- 
ure 742b). 

For complex and ill-defined processes, 
or in the absence of representative and 
reliable sensors to control the controlled 
variable, statistical calculations can be 
employed to determine which parameters 
will have an effect on the process being 
controlled. This requires the storage of 
numertous parameters over a long period 
of time. The result is a stochastic model 
(Figure 742c). An example of this 
approach would be determining the 
amount of coagulant required for floccu- 
lating a given amount of surface water at 
a given plant. 
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Figure 742a. Adaptive system, without model. 
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Figure 742c. Adaptive system, with stochastic model. 
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DD. 
AUTOMATIC CONTROL 
SYSTEMS 


2.3.1. Combinational controllers 


A combinational controller is a sys- 
tem in which a series of inputs results in a 
single combination of outputs. 


Such a controller can be represented in 
four different ways (Figure 743): 


e Literal description, employing a series 
of phrases to describe the connection be- 
tween the inputs and the outputs (I/O). 
This method has the disadvantage of 
requiring interpretation each time it is 
used, especially by the automation spe- 
cialist installing the system, to avoid fre- 
quent ambiguity or lack of precision. 


e Relay diagram, much-used by electri- 
cal technicians: here the inputs take the 
form of contacts, the outputs being relays. 
The terms contact diagram or ladder 
diagram are also employed. 


e Block diagram: much-used by elec- 
tronics technicians. It is read from left to 
right, the inputs being on the left and the 
outputs on the right. 


e Logical equation: written according 
to the rules of Boolean algebra. The 
inputs and outputs are represented by 
variables, correspondence between input 
variables and output variables being indi- 
cated by an equals sign. 


Any analysis of combinational control- 
lers employs combinations of logical 
functions: equals, complement, AND, 


OR. 





It is rare for a controller to employ 
purely combinational functions, and most 
often a sequential controller is employed. 


2.3.2. Sequential controllers 


2.3.2.1. Instruments 


A controller is said to be sequential if, 
for a given input situation, various output 
situations can be encountered. 


Determining the inputs alone is no 
longer sufficient: it is necessary to deter- 
mine the previous situation of the system. 
Resolving such problems therefore 
requires the introduction of memory 
functions (the terms auxiliary relays or 
internal variables are also used), which 
are Outputs used as inputs. 


More generally, the operation is 
expressed as one of a series of connection 
sequences connecting the inputs and out- 
puts. 


To counter the growing complexity of 
sequential controllers, it has become nec- 
essary to create a tool for describing con- 
trollers in comprehensible terms to both 
the process engineer, the software engineer 
responsible for the control part, and the 
final user. The GRAFCET (defined in 
French Standard NF C03190) fulfills this 
requirement better than any other form of 
representation. 


2.3.2.2. Definition of the GRAFCET 
The GRAFCET (“Graphe de Com- 


mande Etape Transition” or sequential 
function chart) is a highly important 
tool in describing sequential controllers. 


The functional description of the con- 
troller is broken down into steps, each of 
which corresponds to a particular part of 
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Figure 743. Different representations of the same problem. 
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the system, and particularly, to a stable 
state in the control system. A change in 
the system from a given state (step) to a 
different state (another step) is authorized 
only if one of the logic conditions is satis- 
fied at the inputs. This is termed transt- 
tion. 


The GRAFCET therefore represents 
the sequential controller by an alternating 
succession of steps and transitions: 

- each step has a set of associated 
actions to be performed, 
- each transition has a logical condi- 
tion enabling its clearing. 


2.3.2.3. Representation of the GRAF- 
CET (Figure 744) 


A step is represented by a numbered 
square. 

For each step, the actions to be per- 
formed are specified by a literal or logic 
label (one or more rectangles) connected by 
lines drawn from their right-hand sides. 

A transition is represented by a line 
drawn perpendicular to the inter-step con- 
nection. 

The associated transition condition is 
written either literally or logically to the 
right of the transition symbol. It is anno- 
tated in the form of a Boolean equation. 
A transition condition that is always true 
is annotated “=1”. 

A link from one step towards several 
other steps may be an OR or AND link. 
An OR link, or start of sequence se- 
lection (represented by a single horizon- 
tal line) enables selecting from one of sev- 
eral “paths”, according to which of the 
transitions was verified. An AND link or 
simultaneous activation, represented 
by a double horizontal line after a tran- 
sition, requires simultaneous passage to 
all successive steps once this transition has 
been verified. 


A single link from several steps towards 
a single step may also be an OR or AND 
link. 

An OR link, or end of sequence se- 
lection, represented by a single line, 
equates to several possible “paths” for 
reaching the next step. 


An AND link, or simultaneous 
deactivation, represented by a double 
line, requires all preceding steps to be 
active simultaneously and the transition 
to be enabled, before proceeding to the 
next step. 


2.3.2.4. Rules for GRAFCET design 


The GRAFCET operates according to 
five basic rules: 


Rule No. 1: 

The initial step(s) represented by a 
double line must be active at the start of 
the function (for example, after cutting of 
power). 


Rule No. 2: 

A transition is enabled if all the steps 
preceding it are active. A transition is 
cleared if it is enabled and if the associ- 
ated condition is verified. 


Rule No. 3: 

Clearing a transition implies: 
- activating each immediately following 
step, 


- deactivating each immediately pre- 
ceding step. 


Rule No. 4: 
In a given GRAFCET, several simulta- 


neously clearable transitions will actually 
be cleared simultaneously. 


Rule No. 5: 


If a step is simultaneously. activated 
and deactivated, it will remain active. 





(Transition condition) 


2. Automation 





(Initial step) 


Average level reached 


(Simultaneous 
activation) 


(Delay activated at step 1) 


(Start of sequence selection) 


caustic 
soda 


(End of sequence selection) 


GRAFCET for neutralization in in-line 


industrial wastewater tank. 


Figure 744. Example of GRAFCET. 


2.3.2.5. Types of action possible at a 
step 


— unconditional action: performed as 
long as the step is active; 

— conditional action: performed as long 
as the step is active, provided a certain 
condition is verified; 


(Transition) 


Await 
homoge- 
nizing 


(6<pH<8).t 


Emptyi 
nee (Transition 


condition 
always true) 


Low level 


Stop 
mixing 


Mixing stopped 


(Simultaneous 
deactivation) 





- delayed action: performed as long as 
the step is active, after a time lag trig- 
gered as the step is activated; 

— pulse action: performed over a certain 
duration, starting as the step is activated; 
- time delay: the logic condition for a 
given transition is subject to a time delay 


1125 


1126 


Chap. 21: Measurement, control, automation and supervision 


triggered at activation of any other step. 


2.3.2.6. Advantages of the GRAFCET 


The GRAFCET is graphical and rigor- 
ous. It can be used at any level through- 
out the life of the automatic control sys- 
tem. 


Starting with definition of the prob- 
lem: 
— the GRAFCET is independent of the 
technology used for the control system 
itself; 
- it is universally accessible, representing 
a means of communication and dialogue 
between persons of varying disciplines; 
- it allows the creation of functional 
“first-level” charts, where each step repre- 
sents an overall function, with transitions 
defined in literal terms (Figure 743). 


At the detailed analysis level, it 


_ obliges the analyst to pose the proper 


questions, hence ensuring that specifica- 
tions are complete. 


At the production level, ever-increas- 
ing amounts of equipment are operated 
directly from the GRAFCET: sequencers, 
programmable logic controllers, etc. 


At the operational and maintenance 
level, knowing the number of active steps 
allows precise appraisal of the state of the 
process, with the exact conditions neces- 
sary for forward movement. Help and 
troubleshooting GRAFCETS can also be 
designed for operator guidance. 


2.3.3. Technology 
part for control 


Compressed-air techniques are these 
days rarely employed, save for a few spe- 


cial cases such as explosive atmospheres, 
etc. 

Wired systems are built by inter- 
connecting individual modules with 
electrical wiring (or printed circuits). 
The modules may consist of semi- 
conductors (diodes and _ transistors); 
semiconductor-based static relays; inte- 
grated circuits; electronic sequencers, or 
electromagnetic relays. 

Although use of the above tech- 
nologies is steadily declining, electro- 
magnetic relays are still widely em- 
ployed in the manufacture of simple 
automatic controls and interfaces. 

Programmable circuitry differs 

from wired logic in the following ways: 
- logic functions and calculations are 
performed by a processor; 
- links between various modules no 
longer take the form of physical wiring, 
but are provided by a program con- 
tained in a memory. This allows a 
standard system to be employed for a 
specific application. 


Three main groups of control systems 
may be distinguished: 


a — Microprocessor-based systems: 

Considering their degree of perform- 
ance, the price of these systems is low. 
Since they involve large-scale design and 
development costs, they are mainly used 
in mass-produced equipment. 

In the field of water treatment, they 
are increasingly found in special param- 
eterizable equipment (programmable 
devices) such as controllers, sensors, 
etc 


b — Programmable logic controllers 
(PLCs). 


2. Automation 


Specially designed devices for perform- 
ing automatic control functions in diffi- 
cult environments. They are easily 
installed by automation experts. 


c — Mini- or micro-computers 


Use of these equipments is diminishing 
in local automatic control applications (in 


2.4. 


~PROGRAMMABLE LOGIC 
CONTROLLERS FOR 
INDUSTRIAL 
APPLICATIONS 


2.4.1. Definition 


“A programmable logic controller is an 
electronic device which can be pro- 
grammed by an operator other than a 
data-processing specialist and designed 
to provide, in an industrial environ- 
ment, real-time control of sequential and 
combinational logic sequences.” 


The above definition dates from 1979 
and today could be extended, since many 
PLCs now have the capability to perform 
calculations, control functions, communi- 
cate, and manage computer peripherals, 
etc, 


Despite employing a computer-like 

logic structure, PLCs distinguish them- 
selves from minicomputets and micro- 
processors in their design: 
- ability to work in industrial applica- 
tions (remarkable reliability despite con- 
straints of temperature, interference, etc.); 
- usable by relatively untrained person- 
nel. 


favour of PLCs); nevertheless, they remain 
of great importance for automated sys- 
tems requiring very high memory capacity 
(such as hierarchical organization, algo- 
rithms based on statistical calculation, 
mathematical models, matrix calculus, 
expert systems, etc.). Their installation 
requires special environmental conditions. 


2.4.2. PLC operating principles 


e Physical structure 
A PLC consists essentially of: 
— a series of input and output inter- 
faces, for respectively connecting sensors 
and actuators; 
— acentral unit that manages informa- 
tion exchanges between the various com- 
ponents, and comprises: 
. an arithmetic and logic unit that 
executes basic logical instructions; 
. a memory containing a list of 
instructions to be executed (the “pro- 
gram’); 
— a power supply; 
— a means of connection between the var- 
ious circuit cards (“bus”). 


e Basic operation 

The instructions are read and executed 
one at a time by the central unit, from the 
beginning to the end of the program. The 
next cycle then starts, and so on. A cycle 
can last between 1 and 100 milliseconds, 
depending on the type of PLC and the 
length of the program. 


e Multitasking and multi-processor 
Operation 

Programmable logic controllers are 
increasingly employing “multitasking”, 
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which means that during the program 
cycle, execution of a particular task can be 
requested using a series of interrupts. An 
interrupt is a priority signal that tempo- 
rarily halts the program. This feature 
allows the construction of low-response 
time PLCs, enabling tasks such as pulse 
counting or precise positioning of controls, 
etc. 


The above PLCs generally are config- 
ured to enable intelligent circuit cards to 
be added, thus allowing the control 
assembly to operate as a multiprocessor, 
that is, executing different tasks in paral- 
lel using different processors. 


Various cards are available, depending 
on the type of PLC: analogue input cards, 
control cards, or cards for counting, com- 
munications or operator dialogue, etc. 


2.4.3. Programming 


A programming console enables the 
program to be written, revised and 
entered into the PLC memory. It is not 
required during normal operation of the 
PLC, unless program modifications are 
required. 


Several types of console exist, notably: 
— the connected console, which em- 
ploys the program memory, hence is oper- 
ational only when connected to the PLC; 
- the stand-alone type, which has a 
built-in memory. 


Differences in size and price of pro- 
gramming consoles depend also on the 
available programming language, which 
may be: 


mnemonic, 

algebraic (Boolean), 
relay-based (graphic), 
GRAFCET-based (graphic), 


computer language. 


Certain manufacturers offer PLCs that 
can be programmed from office comput- 
ers, hence avoiding the need to buy a pro- 
gramming console for program writing; 
nevertheless, this solution can present op- 
erational difficulties on site. 

The programming console - a tool en- 
abling the system designer to operate at 
the program instruction level - must not 
be confused with the parameterizing 
console, which is a working tool enabling 
the operator to modify the operating 
parameters used with the program (such 
as length of time lags, set-point values, 
etc.) without running the risk of interfer- 
ing with the program. 


2.4.4. Choice of PLC 


The wide range of equipment available 
from manufacturers creates a series of 
problems for the non-specialist: 


e Suitability of PLC for application 
The distinction between the top and 

the bottom of the ranges is becoming less 

defined, and the following comparative 

features are generally used: 

— type and extent of language, 

— number of I/Os (= size of PLC), 

— type of I/Os, 

— size and type of memory, 

— communication possibilities, 

— assisted-maintenance features, 

degree of assisted parameter-changing. 


2. Automation 


e Suitability of PLC for site 

For reasons of compatibility, and to 
reduce the amount of spares carried, the 
temptation often is to stay with a given 
brand of equipment. But this approach is 
increasingly unjustified, given the present 
range of equipment available from manu- 
facturers. And different PLCs of a given 
range from a given manufacturer may 
also employ incompatible programs. 
Finally, given the speed of technological 
progress, even buying from a single source 
no longer guarantees minimum spares 
_ consumption. 

On the other hand, in terms of data 
communications, compatibility is far 
greater. Manufacturers are adding to the 
number of bridges on offer, and proposing 
standard communications protocols. 


2.4.5, Precautions for use 


Although the use of PLCs as solutions 
to simple and complex automation prob- 
lems has brought progress in the fields of 
system reliability and performance, it is 
useful to note certain installation precau- 
tions: 


e Environment 

Most programmable logic controllers 
are capable of withstanding severe indus- 
trial environments as regards dust, tem- 
perature, interference, etc. Nevertheless, 
manufacturers impose certain installation 
minima for electrical insulation, humidity 
(absence of condensation), and protection 
against corrosive vapouts. 


e Security 

All PLCs offer good levels of reliability, 
but rare as they are, faults are still pos- 
sible. In such an event, outputs go to a 
random state. For this reason a program- 
mable logic controller must not be em- 
ployed in applications likely to affect per- 
sonnel safety or equipment integrity 
unless externally modified. 


e Parameterizing 

To cover for upgrading of the man- 
machine dialogue, provision should be 
made for additional devices allowing 
modifications to the PLC installation 
parameters. 

Finally, adequate personnel training is 
indispensable to ensure that operators 
remain familiar with this new mode of 
control. 
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3, AUTOMATIC CONTROL SYSTEMS 
AND WATER TREATMENT 


pale 

MAIN FUNCTIONS 
OF AUTOMATIC 
CONTROL 


In water treatment plants, the evolu- 
tion of the quality of the basic product 
(raw water) is generally a relatively slow 
process. There are often large variations in 
the quantity of water to be treated, which 
depends on the inflow of raw water (in 
waste treatment applications), or on the 
demand for treated water (for drinking or 
industrial use). Hence flow rate is an 
essential factor when contemplating the 
automation of such plants. 

On the other hand, the inertia resident 
in most of the biological processes 
involved and the complexity of coag- 
ulation and flocculation phenomena can 
reduce the effectiveness of (or the need 
for) generalized automation of the puri- 
fication process proper. This is all the 
more so when one considers that not all 
sensors (especially for municipal waste- 
water) are available or operational on an 
industrial scale. 


General know-how and sensor tech- 
nology will gradually reduce such hand- 
icaps, and increase the possibilities for 
modelling. In addition, the refinement of 
expert systems rests on the systematic 


integration of human observations and 
feedback by skilled personnel. 


The entirely automated treatment 
plant, devoid of human intervention, does 
not exist. Even if no operators are phys- 
ically present on site on a continual basis, 
technicians are necessary for maintenance 
tasks (servicing and repairs), certain 
adjustments, routine monitoring (intended 
to cope with exceptional phenomena), and 
diagnoses (requiring varying amounts of 
time). In addition, the accumulating of ob- 
servations and the refining of data proc- 
essing assets necessarily involve the pres- 
ence of personnel. 


Notwithstanding, a large number of 
automatic control functions are currently 
performed in water treatment plants. 
Some of the most common are detailed 
below, without attempting to cover the 
full range of applications or outline the 
substantial progress that is currently being 
made. 


3. Automatic control systems and water treatment 


3.2. MAIN AUTOMATIC CONTROL FUNCTIONS 
IN A CLARIFICATION AND FILTRATION PLANT 








Automated 
functions 






Reference 
parameters 


















Raw water 
pumping 


















Treated water 
pumping 






Reagent flow rate 
(coagulation, floc- 
culation, pow- 
dered activated 


carbon) 


Coagulation re- 
agent dosage (re- 
agent flow/raw 
water flow) 

























High and low lev- | On-Off 
els, treated water 


tank 


Small plants where starting 
and stopping can be controlled 
automatically. 













Flow-con- 
trolled treat- 
ment plant 







Level control, | Pump-switching 
treated water tank, 
to maintain con- 


stant level 






Complies: 
Reserved for 
exceptional 
cases featuring 
low reserve 
volumes. 















Flow control by pump speed 
control 

















By GaOr 
mucrocomput- 
er (par. 3.6.1) 


Flow control 
for optimal en- 
ergy consump- 
tion (e.g. max. 
flow at night, 
etc.). 


Level measure- 
ment, treated 
water tank; energy 
cost according to 
tume. 







Pump switch- 
ing 












Avoids itreg- 
ular through- 
put at treat- 
ment plant 







Pump speed 
control 





As for raw water pumping, starting at distribution reservoir. 















Mathematical models or expert | Highly complex. Reserved for 

systems to determine set points. | large scale distribution net- 
works supplied by several 
plants. 


Reservoir levels, 
meteorology, fore- 
cast usage 










Flow proportioning (quantity 
determined by flocculation test) 


Water flow rate 



















Under development 


SCD (Stream Cur- 


rent Detection) 



















Special algorithm for water in | Special research required. 


question 


Vary according to 
water in question 
(e.g. turbidity, ox- 
idation, pH, tem- 
perature, etc.) 
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Automated | Reference Method Reowarled 
functions parameters 
Extraction of set- | Water flow Syncopation, proportional to|Control valve openings to 
tled sludge fl reduce maximum _instanta- 
neous flow of extracted sludge. 


Water flow and|Syncopation, proportional to|For sludge 
sludge height flow and depending on sludge | dewatering 






Water flow and|Syncopation, proportional to 


extracted sludge|flow; stops on reaching 
concentration extracted sludge low concentra- 
tion limit. 


Filter on-off con- | Flow of water for | Calculate number of active fil- | Reserved for a few special cases 
trol filtering ters 


Start filter wash- | Head loss PLC with prioritized function|Conditional information 
ing covering one filter at a time | required (tank levels, plant 
availability, off-peak times, 
etc.) 


Filtration time 








132 
Filter washing | Time-delay Sequential controller 
control 
Filter level control | Filter water level | Special controller with slow | See chapter 13, par. 5.2.2 
startup preferable 
Chlorine disinfec- | Residual chlorine 
tion 


Ozone disinfec- | Water flow, and | Special controller 
tion residual ozone 


3,3. MAIN AUTOMATIC CONTROL FUNCTIONS 
IN A WASTEWATER TREATMENT PLANT 








Automated Reference 
functions | parameters 


Remarks 


Raw water Tank level On-Off] On for high level; off for low | Differential volume to be cal- 
pumping sensor (or level | level (relay or PLC) culated in relation to flow, 
measuring thresh- number of hourly pump starts, 

old) Cyclical pump switching at | and control mode employed. 
each startup (PLC) 








Automated 
functions 


Raw water 
pumping 


Pretreatment 
plant (screening, 
grit and grease re- 
moval) 


Primary settling: 
extraction of fresh 
sludge 


Mechanical aera- 
tion 
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Analogue level] Centrifugal pump speed var- 
measurement iation 
level 


Pump switching 


Duration; time of |Syncopated operation | Forced operation at very high 
(manually parameterized) of | level (screening) 
certain plant 


Reference 
parameters 


Reserved for high flows and 
tO maintain constant | small volume differences 


Water flow For variable-flow large-scale 


plants 


Syncopated operation propor- 
tional to flow, with permuta- 
tion if required. 


Ensure that 
extraction is 
balanced be- 
tween several 
settling tanks 
installed in 
parallel, and 
that load is ac- 
ceptable by 
sludge treat- 
ment plant 


Syncopated operation (param- | Conventional 


eterized) 


Operation proportional to flow [Eaegensed 


Water flow and| Variable flow depending on | Check validity 
top sludge level | water flow and depth of sludge | of sludge level 
measurement 


Water flow 





Water flow and 
extracted sludge 
concentration 


Stops if con- 
centration low 
(channelling). 
Check validity 
of concentra- 
tion measure- 
ment 


Variable flow, depending on 
water flow and sludge concen- 
tration 


Small plants where mixing 
conditions play lead role 


Syncopated operation 
(manually parameterized) 


Duration; time of 
day 


On-Off and according to high 
and low thresholds 


Add minimum operating and 
maximum stoppage times (for 
correct mixing) 


Dissolved oxygen 


Specialized PLC: see par. 3.6.4 | More than 2 surface aerators 


Time of day, oper- 
ating duration; 
flow; dissolved ox- 
ygen 
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Automated 
functions 


Diffused aeration 


If using sev- 
eral tanks 
and a single 
air produc- 
tion unit 


Recirculating sec- 
ondary sludge 


Extracting excess 
sludge after bio- 
logical purification 










Reference 
parameters 


















Duration; time of 





Dissolved oxygen 


Dissolved oxygen 
and air flow 





Duration; time of 
day 


Raw water flow 


Raw water flow and 
sludge level 


Duration; time of 
day 





Daily water flow 





Sludge concenration 


(during aeration) 








Method 


Varying number of aerators 





Varying air flow to maintain 
constant dissolved oxygen content 
(by altering air blower speed or 
position of paddles). (Blowers 
controlled by PLC) 





Same as previous, with distribu- 
tion of air by regulating valves. 
(Requires a PLC) 


Syncopated operation (manually 
parameterized) 


Varying number of pumps in 
service 


Recirculation flow proportional 
to raw water flow 


Variable flow; depends on raw 
water flow and sludge level 


Syncopated operation (manually 
parameterized) 


Daily volume of extracted sludge 
proportional to daily water flow 


Volume of sludge extracted daily 
to maintain average daily sludge 
concentration constant 








Remarks 





Small plants fitted with fixed- 
rate air blowers 










vo} leancccqe 
plants, reliabil- 
ity and validity 
of oxygen 
measurement is 
essential. 

















Head _ losses 
induced by dis- 
tribution 
valves to be as 
low as possible 
(one valve con- 
stantly open). 
See par. 3.6.3 








Small plants 


| 
Do not exceed maximum feed ! 


rate of clarifier 





Providing SVI is low 


Extraction over 
one or more 
daily periods, or 
spread through- 
out day (de- 
pending on 
sludge thicken- 
ing and treat- 
ment possibili- 
ties) 


Conventional 


Pay attention 
to the concen- 
tration mea- 
surement 
(time of day, 
mixing condi- 
tions, measure- 
ment point, 
etc.) 
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Automated Reference a Method 


functions parameters 


Methane fermen- | Temperature Controlling heat input 
tation of water 





Feed flow Regular pumping (pumping 


time or flow control) 
Adding alkalizing agent 


Neurralizing, cya-|Suitable sensor | Controlling quantity of reagents 
nide and chromate | (pH, rH, etc.) 
removal 











3.4. MAIN AUTOMATIC CONTROL FUNCTIONS 
IN AN ION EXCHANGE FACILITY 


Automated Reference 
: Method Remarks 
functions parameters 


Single line, on-off | Treated water tank | On-Off Ensure enough treated water is 
level kept in reserve during regenet- 


ation 

























Flow control to maintain con- 
stant tank level 














Treated water tank 
level 






Idem single line (second line 
being regenerated or on standby 
following regeneration) 


Two lines, on-off 















Two lines operate as for single | Regeneration cut-in sometimes 
line; third line being regenerated | required to guarantee potentially 
or on standby following regener- | sufficient production capacity 

ation. Lines regenerated cycli- 


cally. 


Cascade On-Off operation or 
flow control at each line to turn 
maximum flow to most 


exhausted tank 


Flow threshold (total flow 
through line since last regener- 


ated) 


Trips in if one condition met 
(volume threshold or quality lev- 
el) 





Treated water tank 
level 


Three lines, on-off 






























Complex but allows potentially 
high production at any time 


Treated water tank 
level and volume 
fed to each line 


















Fed volume 





Start regeneration 
























Measured water quality depends 
on final requirement of process 
(conductivity, pH, Na, nitrates, 
etc.) 


Complexity depends on process 


Fed volume and 
quality of treated 
water 


Duration; levels Sequential 

















Regenerating of 
ion exchangers 


135 


1136 


Chap. 21: Measurement, control, automation and supervision 


3.5. MAIN AUTOMATIC CONTROL FUNCTIONS 
IN SLUDGE TREATMENT °” 


Automated | Reference Mor Reais 
functions | parameters 


Sludge thickeners | Operating times of | Regulated inflows and outflows | Has effect on automatic con- 
feed and extraction | to prevent excessive or insuffi- | trol of plant located upstream 
equipment cient retention time and downstream 



















Continuous or forced synco- 
pated extraction if top layer 
turbid (= high sludge level) 


Time; quality of 
supernatant 


Extraction if minimum concen- |Check that concentration 
tration reached (with limited | measurement is representative 
downtime) 








Duration; outflow 
concentration 






Flow proportioning of different 
types of sludge 


Flow, + input con- 
centration (poten- 


tially) 


Temperature 


Feed rate 








Temperature control High inertia enables accept- 
ance of uneven heat levels 


Pumping fresh or thickened | Important to spread load over 
sludge as evenly as possible | several digesters installed in 
(pumping time, flowmeter or | parallel 

number of batches) 









Sludge dewater- 
ing by belt filter 
(Superpressdeg) 


Timer-controlled starting and | Provided constant sludge qual- 
stopping ity 








Special sensors Sludge and polymer flow con- | See par. 3.6.5 


trol by special PLC 


Sludge disposal | Loading of skips | Mobile transporter 
Polymer prepara- | Tank level Prepared in batches 


tion 





Hopper weight, | Continuous process at constant 
water flow concentration 


Flotation unit Flow rate to be}|Number of depressurization 
floated circuits 
Sludge bed Extraction rate of floated 

sludge 


(1) Excluding intrinsic automatic controls (operating and fail-safe). 
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Reference 
parameters 


Automated 


functions Method 


Flotation unit Bottom sludge | Rate of draining 


concentration 


Thickness of bot- 


tom layer 


Preparation of| Tank level 
flocculated sludge 
for filter press 


Sludge flow 


Quantity of reagents 


Feed 


press 


to filter High-rate filling of filter press, 


then pressure holding 


Pumping of sludge and adding 
of reagents (at constant rate) 


Reagent flow proportional to 
sludge flow (pump, flowmeter) 


Reagent flow proportional to 
solids loading 


Sludge concentra- 
tion, flow 


~ 


Concentration of 
centrate 





Stop of filter press 
filtration cycle 


Scroll speed and sludge flow 


variation 


Variation of polymer and/or 
sludge flows 


Variation of polymer flow in 
relation to sludge solids loading 


Sludge flow, con- 
centration 


Regulating of sludge or heat 
flow 


Flue gas exit tem- 
perature 


Direct thermal 


drying 


For hydroxide sludges 


Preparing for tank-load 


Continuous preparation 
Check sludge concentration 
measurement is representative 


Authorizes start of opening 


Excess torque starts washing 


Ensure sludge concentration 
measurement is representative 
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Automated | Reference Method Remi 
functions | parameters 


Incineration fur- 
nace and smoke flows; 
smoke oxygen con- 


tent 


Furnace dust| Temperature 


Temperatures; gas | Adjusting of sludge flow, air | Several interdependent controls 
flow, gas recirculation, 
make-up fuel injection 


manageable by PLC (various 
configurations of PLC depend- 
ing on incinerator type) 


Adjusting scrubbing water flow 


Adjusting cooling air flow Electrostatic extractor 


Extracted air tem- | Air flow control 
perature 


pH, rH, Ch, de- 
pending on te-| agents 
agents 


Thermoposting 


Deodorizing 
scrubber 





Controlling quantity of re- 





5G. 


EXAMPLES 
OF INSTALLATIONS 


3.6.1. Pumping and water distribu- 
tion 


The safety of drinking water supplies 
largely depends on the automatic oper- 
ation of pump units and the available 
storage Capacity. 

Since pumping consumes a great deal 
of energy, the general aim of automatic 
control systems is to reduce energy costs. 

To this end, intermediate or distribu- 
tion reservoirs are employed to allow post- 
ponement of pumping operations into 


off-peak periods. This most often results 
in minimal or zero pumping (and treat- 
ment) of water during peak periods; at 
night, flows are often at the maximum. 


In small plants, preprogrammed timers 
are generally sufficient, although they are 
unable to cope with exceptional circum- 
stances, 

In highly complex plants, especially if 
network intermeshing is a feature and 
there are various sources of water supply, 
etc., the plant operator is essential; his 
task is made easier by a decision-support 
system based on a mathematical model or 
expert system. 


Such is the case for water distribution 
in the western Paris region, centred on the 
Lyonnaise des Eaux-Dumez pumping 
plant at Le Pecq (Figure 745). 


3. Automatic control systems and water treatment 





Figure 745. Dispatching control room, LE-Dumez treatment plant at Le Pecq (Paris area, France). 


In the majority of cases where a pump- 
ing plant feeds a single, high-volume res- 
ervoir, a PLC ensures the reservoir is full 
at the end of the nighttime period, and 
empty (but for a safety margin) at the 
end of the daytime period. 


At Maromme, the PLC system man- 1139 
ages raw water pumping and the reagent ~ —_ 
station in the treatment plant, such that 
the level of the filtered water reservoir 
follows a set point as shown in Fig- 
ure 746. 

















Empty 


NIGHT 





Time of day 








Figire 746. Maromme plane in northern France for LE-Dumez. Flow: 18,000 m’*/d’'. Fillage graph for 


plant filtered water reservorr. 
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Figure 747. Morsang-sur-Seine plant near Paris (France) for LE-Dumez. Reservoir graph monitoring (set 


point and actual levels). 


In the LE-Dumez treatment plant at 
Morsang-sur-Seine, the PLC is addition- 
ally assisted by a microcomputer that 
allows monitoring of the changes in the 
reservoir graph as represented by a model. 
The graph is selected from a series of 
available curves, and takes account of 
daily water consumption and certain 
essential operating parameters. The oper- 
ator can simulate the effect of a given 
pumping operation on the reservoir level 
to meet various consumption hypotheses 
(Figure 747). 


3.6.2. Filtration of drinking water 
supplies 

Automating the filter battery 
removes the greater part of the repetitive 
manual work entailed in filter washing. It 
also reduces energy costs, by making effi- 
cient use of off-peak periods. In parallel 


with these savings, filter control (slow 
start-up), wash control (depending on 
measured parameters such as filtration 
time or degree of clogging), and auto- 
matic washing sequence guarantee reg- 
ular quality in the filtered water. The 
most recent developments in this field are 
described in detail in Chapter 13, Page 
798. 

Mention may also be made of the 
modern treatment plant at Xian in China, 
which contains two batteries of twelve fil- 
ters each. Each filter is managed by a pro- 
grammable logic controller fitted with a 
control coupler, a keyboard for operator 
messages, and a communications con- 
troller for dialogue between the PLCs. 
Each battery has another PLC controlling 
the common washing equipment, wash- 
ing priorities and dialogue with a super- 
visor (Figures 748 a and b). 
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Figure 748a. Drinking water treatment plant, Xian, China. Flow: 800,000 m’/d'. Functional diagram 
showing PLC connections. 
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Figure 748b. Filter washing desk, Xian treatment 
plant, China. 


3.6.3. Air delivery to activated 
sludge tanks 


The diffused air supply must be teg- 
ulated to ensure that the concentration of 
dissolved oxygen remains close to a prede- 
termined level. 

Special importance must be accorded 
to maintenance of sensors measuring the 
dissolved oxygen level: on them depends 
the expenditure of up to several hundred 
kW of energy, hence any error in the sen- 
sors can dramatically influence operating 
costs. 


In certain plants, several dissolved ox- 
ygen sensors are installed in each tank: 
— either spaced around the tank, with a 
PLC performing a weighted average 
reading to best integrate the overall 
requirement of the tank; 


— or concentrated at one point in the 
tank, to better detect failure in any one 
sensor; 

— or arranged in a combination of the 
above two configurations. 


When several treatment lines are op- 
erating in parallel, an air distribution 
controller may be installed to cater for 
the supply of each tank. This device 
must be designed so as to preclude an 
excessive loss of head. 


Hence at the Valenton wastewater 
treatment plant (Figure 749), a PLC 
manages all regulating valves in each 
treatment phase, according to a pat- 
ented algorithm implemented as fol- 
lows: 


— the paddles are adjusted to meet the 
total air requirement of the plant, 


— the error in air flow between the 
tanks is continuously adjusted so as to 
open the distribution valve of the tank 
requiring the greatest air flow; a partial 
closing command for an over-supplied 
tank is issued only if at least one other 
distribution valve is fully open. 


3.6.4. Turbine aeration 


The surface aerators can be automat- 
ically controlled by varying rotor speed or 
depth of immersion. The disadvantage of 
these control modes is that they do not 
usually run the aerators under optimal 
oxygenation and mixing conditions. 


This is why the control system gener- 
ally operates on a syncopated basis, with 
a continuous minimum operating time 
and a maximum stopping time for suffi- 
cient mixing. 
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Figure 749. Valenton plant near Paris for SIAAP, 
showing a blower and the programmable logic con- 
troller (PLC). 


When the aeration tank contains a 
high number of surface aerators, simulta- 
neous operation of all aerators should be 
avoided as far as possible in peak-rate pe- 
riods. 


To avoid multiplication of clock 
and/or oxygen meter channels, a PLC 
can be employed with a program en- 
abling each surface aerator to be param- 
eterized for a certain percentage of the 
operating time (selected for a certain 
time of day by a weekly clock). This pe- 
riod can nevertheless be corrected by 
water flow measurement. The PLC then 
“shares” motor operation according to 
time of day. An oxygen meter can be 
used to slave in one or two backup tur- 
bines, to cover for the settings of the 
main aerators. This system provides a 
correct oxygenation level and correct mix- 
ing, as well as: 

— saving energy through the fine adjust- 
ments it provides; 

— qualifying the plant for cheaper rates 
(by controlling operation according to 
timed basis). 


The above system was installed at the 
Villeneuve d’Ascq sewage treatment plant 
in northern France (Lille conurbation), 
during extensions to the plant: a second 
aeration tank comprising six turbines 
managed by a specific PLC achieved en- 
ergy savings of more than 20 percent in 
relation to the earlier (single-clock) system 
(Figure 750). 
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Figure 750. Villeneuve d’Ascq treatment plant in northern France: 120,000 ees equivalents. PLC- 
controlled aeration tank. 


3.6.5. Sludge dewatering by belt 
filter (Superpressdeg) 


In terms of operator presence, mechan- 
ical dewatering of sludge is generally 
one of the most demanding operations 
performed in a wastewater treatment 
plant. Automation can either release per- 
sonnel for other tasks, or open the way 
for operation of the plant over a wider 
timescale. 

This is the purpose of the Superpress 
automatic control system. 

The initial version uses a small PLC for 
sequential starting and stopping of the 
dewatering plant, with an operator inter- 
face consisting of a smart keyboard. Oper- 
ating faults can thus be displayed 
remotely to the operator via a videotex- 
based Aquaveil unit, which also allows 


remote stopping and starting (see Page 
1150). 


A second “controlled” version is avail- 
able for plants treating sludge of varying 
quality, which entails the risk of poor 
flocculation or squeezing out character- 
istics. 


Apart from the above functions, a pro- 
grammable logic controller can detect 
special types of interference, through the 
use of additional special sensors (sludge 
squeezing out, accumulation or shortfall). 
A control coupler reacts to such phenom- 
ena by modifying the speed of the sludge 
pump or the polymer pump. 


The Tarbes plant in southern France 
employs two Superpress units, each con- 
trolled by a special PLC with a keyboard 
for operator dialogue. 


3. Automatic control systems and water treatment 
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Figure 751. Ploegsteert-Comines plant servicing the town of Armentiéres in northern France: Superpress 
managed by programmable logic controller. 
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4. SUPERVISION 


4.1. 
OPERATOR 
INTERFACES 


As mentioned on Page 1114, the con- 
trol part of an automated control system 
delivers operating reports to the operator, 
who returns instructions to the control 
part. 


Supervising the plant consists in com- 
pleting the “loop” back the operator. 


e With traditional wired technology, oper- 
ator instructions are usually transmitted 


to the automatic control system via 
switches and pushbuttons (for On-Off 
commands), or by potentiometers (for set- 
point values). Reports are returned to the 
operator by indicators and recorders in the 
form of displays (for measured values), or 
by lamps, lighted displays or audible 
alarms (for On-Off information). Beyond 
a certain size of plant, indicator lights can 
be located on a mimic panel reproducing 
the plant layout (Figure 752). 

e The above traditional system never- 
theless has two disadvantages: it takes up 
a good deal of floor and wall space (con- 





Figure 752: Achéres II plant near (France) Paris for SIAAP. Flow: 900,000 m’/d'. Console and mimic 


panel. 


4. Supervision 


sole and mimic panel), and is non-mobile. 
Modifications often involve heavy sheet- 
metal work, rewiring, rearrangement of 
the mimic panel, etc. 

The use of programmable operator 
consoles provides a solution to such prob- 
lems: operating reports are presented in 
the form of pre-recorded text (16 charac- 
ters Or more), and operator instructions 
are entered via a compact keyboard with 
programmable keys. 

When used with a programmable logic 
controller, an “intelligent” operator con- 
_ sole (Figure 753) also enables operating 
parameters to be modified, such as time- 
delay values, control reference level (set- 
ting), etc., while supporting maintenance- 
aid functions (since it can store a large 
number of individual texts concerning 
faults detected by the PLC, without the 
addition of extra equipment). The texts 
displayed are themselves programmable, 
and the operator can thus enrich the sys- 
tem in terms of his own experience. 

Intelligent operator terminals are nev- 
ertheless limited to small plants, or to 
local control of plant units. 





eciviesaechastentinanisSereinoncsiovscee 2 


oe 


Figure 753. Morsang facility, Paris area (France). Con- 
trol front panel of programmable operator console. 


e For the centralized supervision of larger- 
scale plants, the operator interfaces de- 
pend increasingly on peripheral units such 
as keyboards, monitors and printers of- 
fering the full benefits of modern data 
processing techniques. Figure 754 repre- 
sents a model of an automatic control sys- 
tem including a supervision function 
based on peripheral equipment. 

The data acquisition function connects 
the control part to the supervision func- 
tion. 


‘Process 


Control 


Data 
acquisition 


Monitor 


Operator 





Figure 754. Structure of automatic control system 
with supervisor. 


1147 


1148 


Chap. 21: Measurement, control, automation and supervision 


4.2. 
DATA 
ACQUISITION 


Data acquisition is a process that 
consists in linking the control part of 
the plant to the supervision function 
using a system other than a straight- 
forward “wire-to-wire” connection. 


e All data exchanges take place via a 
common transmission link. 


From the supervisor to the process, 
the acquisition process essentially 
involves: 

-— remote controls (for On-Off 
instructions), 


— remote instructions (for set-point 
values transmitted as digital data). 

In the opposite direction (towards the 
supervisor), acquisition entails: 
— remote indicating of normal On- 


Off data, 


— remote alarms for On-Off error 
data, 


- telemetering for digital or analogue 
values, 


— remote counting of totalizer read- 
ings. 


e Several well-known techniques are 
available for the above types of data 
transmission under plant conditions: 


— Multiplexing is a technique whereby 
data can be transmitted down a limited 
number of conductors; it is used on very 
small-scale systems and for connection 
to traditional operator interfaces (for ex- 
ample, driving a mimic panel). 

— Data acquisition units are employed 
where high volumes of measurements 
need to be gathered at a centralized 


location without further processing 
(which is relatively rare in water treat- 
ment plants). 

- Electronic I/O boards, if the super- 
visor is based on a computer and there 
is no automatic control system to drive 
at the plant, which again is relatively 
rare in modern water treatment plants. 


— Programmable logic controllers, 
which are increasingly used for facil- 
itating connection of the control part 
and the supervision function within a 
given site, provided the PLCs them- 
selves have a standard communications 
capability. 


e The problem differs somewhat in the 
case of remote transmissions between 
several remote sites: the choice of 
transmission mode is made from the 
following (which represent the com- 
monest): 


— private line (electric or optical fibre 
cable linking sites); 

— leased telephone line (Telecoms): 
forms permanent communications link; 


— switched network line: highly practi- 
cal, used for short-duration and infre- 
quent data transmissions; is frequently 
used for transmitting alarms (e.g., call- 
ing of personnel), or periodically 
acquiring local data (such as meter 
readings); 

— radio transmission: very useful for 
certain isolated sites, but must in all 
cases comply with strict regulations 
concerning use of Hertzian waves. 


The data-transfer equipment em- 
ployed with the above means is gener- 
ally purpose-built, or consists of PLCs 
fitted with the necessary additional 
equipment (Figure 755). 
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| CONTROL ROOM 
Pecorders a 


I 
[vs] [vs] | 


I r 
uit Management 


Mimic 
panel HUT 1 printer 
Tm 7 
L 


Screen copies 



























































| SUPPLY MAINS | COMPUTER ROOM 
| Eg 
Discs 
— 


TO LISBON 
Main 
computer 
Coupler/ % 
e@ 


a <5 
switching ——— 


rack 





Telephone li 
(80 km) 























= 
ASSEICEIRA fy Telephone 
|treatment plant line 
<<—_—— 








Filters A t 
r-- 


-—--——4Radiob, 


Filters B l La we oe ol 
| CASTELO 


| DO BODE 
PLC | pumping 
Reagents | station 


| 
Emergency Trans- 
transmission | | mission 
station station 
[ 











te 





Figure 755. Water treatment plant at Lisbon, Portugal. General architecture of control-monitoring system. 
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43. 

REMOTE MONITORING 
AND PERSONNEL 
CALL-OUT 


For small plants such as pumping 
plants, water treatment plants with pop- 
ulation equivalents of several thousand, 
water towers, etc., the cost of continuous 
human presence for monitoring purposes, 
or the installation of a computerized local 
supervision system, would be prohib- 
itively high. 

Nevertheless, operating incidents aris- 
ing in such plants can have severe repet- 
cussions if not corrected in the shortest of 
times. Examples include overflows, escape 
of treatment plant sludge, interruption of 
drinking water supply, etc. 

Hence the first function of the super- 
vision equipment must be to monitor the 
plant and rapidly call out an operator, 
providing him with a brief description of 
the incident that has occurred. 

Certain water authorities are organized 
on a basis of 24-hour human supervision 
from a central station often fitted with 
relatively expensive computer equipment. 
Such an organization requires heavy re- 
sources, and is not necessarily economical 
for modest-size facilities. 

For this reason, Degrémont has devel- 
oped a modestly priced remote monitor- 
ing system called the Aquaveil, which em- 
ploys data communications (in particular, 
an automatically switched telephone and 
a standard videotex set known as Minitel 
in France), for installation in the oper- 
ator’s office and/or home. Each site 
(pumping station, water tower, etc.) is 
locally fitted with an intelligent program- 
mable transmitter, connected to the plant 


by a series of inputs and outputs, and by 
a telephone connector, to the switched 
network (PBX). The equipment operates 
as follows: 


- the Aquaveil local transmitter contin- 
uously runs its monitoring program: for 
example, clocking of operating time, 
event-counting, comparison of measure- 
ments against thresholds, etc. (Figure 
756); 

— when a fault occurs, Aquaveil auto- 
matically calls one of the telephone num- 
bers in its memory; 


- following an automatic call, or at any 
other time, the operator can use his video- 
tex set to consult one of the associated 
entries: operating status of various 
motors, meter readings, measurement val- 
ues, etc. He can also send instructions or 
even leave a message for another operator 
(Figure 757). 

The power and reliability of this mod- 
estly priced system stems from its maxi- 
mum use of distributed data processing 
means, enabling it to provide basic 
remote monitoring functions without 
recourse to a central computer. 





Figure 756. Aquaveil I. 


4, Supervision 


The system can be extended to one or 
several selected sites, with a central pro- 
grammable transmitter which forwards 
data, executes routine calls to collect data 
at certain times, or connects the local net- 





Figure 757. Aquaveil. Operator using Minitel (vid- 
eotex set). 


4.4, 

COMPUTERIZED 
SUPERVISION 

OR CENTRALIZED 
TECHNICAL MANAGE- 
MENT (CTM) SYSTEMS 


A CIM system serves two main pur- 
poses: 
— to facilitate operation of the plant by 
grouping all relevant operating data 
(remote indications, alarms and meas- 
urements) for operator analysis at a sin- 
gle location (control room), and to allow 
the operator to issue instructions (remote 
controls and remote adjustments) to 


work to a microcomputer for recording of 
events or analysis of operating statistics, 
etc. (Figure 758). 

For larger plants, monitoring normally 
requires a computer system. 





Figure 758. Aquaveil II. 


the control part. These are known as real- 
time functions; 

— to allow analysis of plant operation, 
with the aim of optimizing work; these 
are known as off-line functions. 


e Real-time functions 

The notion of “real time” is to be un- 
derstood relative to human reaction time, 
and may in fact involve a period of several 
seconds (or even several minutes for long- 
distance communications). 


With a CIM system, real-time man- 
agement and monitoring involve: 
- communicating with equipment in 
the control part, 
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— creating a data base, representing a 
mirror image of the plant, 


- sorting the acquired data, 

- delivering significant data to the op- 
erator, 

- (optionally) assisting the operator in 
formulating instructions and orders for 
the control part. 


The equipment employed comprises a 
central processing unit (CPU) (mini- or 
microcomputer, or top-of-the-range PLC 
for small configurations); the CPU con- 
tains the data base and manages the pe- 
ripheral equipment forming the man- 
machine interface (display console and 
printer). 


The printer reproduces events as and 
when they occur. 


The display console can present data in 
alphanumeric form, but colour graphics 
(such as schematic diagrams on graphic or 
semi-graphic screens) are often employed 
to improve operator working conditions 
(ergonomics) (Figure 759). 


Certain systems are also fitted with an 
automatic paging system to alert the call- 
out technician in the event of a priority 
alarm. 


e Off-line functions 
Addition of a mass memory allows 
data to be stored for later processing. 


Processing allows the creation of: 
— operating logs (daily, weekly or 
monthly) containing the most relevant 
average ot total measurements, total oper- 
ating times (for assisting maintenance, 
etc.); 


— measurement graphs for graphic-con- 





sole display, for monitoring changes in 
significant parameters (Figure 760); 

— storage of data on magnetic media, to 
support statistical analysis (generally per- 
formed on other microcomputers). 


e Softwares 
Special attention must be devoted to 
the integral softwares employed in central 
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Figure 760. Screen displaying graphs. 


4. Supervision 


processing units, which do not always of- 
fer the same features. 


Standard software is preferred to 
application-specific software, which 
requires much development. Special 
attention must be paid to: 

— accessibility (“user-friendliness”) of 
operator dialogue (for non-specialists), 

- simple implementation of dialogue 
tools (light pen, mouse, touch-sensitive 
screen, etc.), 

— screen access time. 


An example of a software designed 
according to the above criteria and suit- 
able for use on single or multiple stations, 
is the Superveil program (Figure 761), 


4.5. 
DECISION-SUPPORT 
SYSTEMS 


Automatic control and supervision sys- 
tems relieve operators of routine and re- 
petitive tasks, and allow time for more 
rewarding or exceptional work, in which 
the assistance of a decision-support system 
may be employed. 

Such systems may be classified into two 
groups: 

— systems supporting maintenance (either 
corrective or preventive), 

— systems supporting efficient plant oper- 
ation. 

Rapid progress is to be expected in this 
field, and a few examples of application 
are given below. 


4.5.1. Maintenance aid 


Troubleshooting aids can be intro- 
duced at PLC level, to make full use of 


which is interactive (meaning it can be 
parameterized). 





Figure 761. Managing of plant functions by Super- 
veil program and light pen. 


the capabilities of the PLC in such fields 
as concordance checking, discrepancy 
detection (by comparison with normal op- 
erating program) and so on. One of the 
features of a programmable operator con- 
sole may be the display of troubleshooting 
messages for the called operator, indicat- 
ing the origin of the problem. 


The supervision function (Page 1151) 
ensures a frequent supply of data useful 
in, for example, preventive mainte- 
nance, by calculating motor running 
times or interpreting measurement-graph 
errors and requesting the necessary sensor 
corrections, etc. 


The reasonable cost of microcomput- 
ers with large storage capacities has 
brought data processing into the field of 
file research (for equipment, manu- 
facturers, manuals, etc.), and allows the 
creation of maintenance schedules and 
troubleshooting aids, etc. This field 
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known as computer-assisted mainte- 


nance (CAM). 


4.5.2. Operating aids 


The use of increasingly powerful data 
processing techniques allows the creation 
of operating aids obtained from sim- 
ulation calculations derived from mathe- 
matical models, either off-the-shelf or cal- 
culated from observed parameters 
(“stochastic models”). 

The corresponding simulation pro- 
grams are lengthy, and the cost of inte- 
grating them into complex water puri- 
fication plants is high. For this reason, 
they are chiefly employed for modelling 
purely hydraulic phenomena (networks 
and pumping). Their use in the manage- 
ment of purification processes is limited 
by the degree of reliability and the cost of 
the necessary sensors. 


4.5.3, Expert systems 


An expert system is an artificial intelli- 
gence software program which uses a 
computer to simulate human intelligence 
and integrate existing human know-how 
into the problem in hand. An expert sys- 
tem can fully exploit the knowledge of a 
human specialist in a given field, as well 
as his intellectual processes, to arrive at a 
conclusion through a series of observa- 
tions. 

In schematic terms, an expert system is 
structured around three parts (Fig- 
ure 762): 

- a knowledge base, containing the 
total know-how of the human expert, 

- a facts base, containing all data con- 
cerning the problem in hand, 

— an inferential motor, which applies 
rules of reasoning to find the solution. 


User-friendliness is provided by a 
series of add-on interface softwares. 


The employment of expert systems in 
water treatment plants is essentially 
reserved for applications where no spe- 
cialist capable of interpreting events or 
parameters is permanently available. 
This could be the case in running a 
plant or monitoring operation, producing 
a survey of operating faults, providing 
maintenance assistance, or training oper- 
ators, etc. 


Certain expert systems are connected 
to the plant, in order to acquire data 
independently of the operator. Direct 
control can be subjected to validation by 
the operator. 


An expert system built for a particular 
plant will integrate the know-how and 
usual observations of the human oper- 
ators with closest knowledge of the plant. 
Nevertheless, economic considerations 
generally limit this technique to large- 
scale plants where complex problems 
cannot be resolved by other means. 


For example, the expert system em- 
ployed by Lyonnaise des Eaux-Dumez 
for the groundwater pumping station at 
Aubergenville selects the wellpoints and 
individual well-pumping times not sim- 
ply on a cost basis, but with essential 
regard for water quality (nitrate removal 
process). 


To aid the greatest number of plant 
operators, Degrémont is developing the 
Expertveil family of expert system mod- 
ules for troubleshooting and decision- 
support applications. Its expert system is 
configured as follows: 
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Figure 762. Simplified operating diagram showing design and operation of an expert system. 


— the progression commences with 
known or easily-acquired information 
(visual observation, simple tests, etc.); 
— certain data may be omitted and/or 
calculated automatically by the system; 
— complex data (analytical results, etc.) 
are only entered if absolutely necessary. 


Examples of Expertveil modules 


SLUDGE LOSS 

The system is designed to analyze, 
determine parameters, prevent loss of ac- 
tivated sludge and otherwise avoid clar- 
ification incidents in biological treatment 
plants. It takes account of the technical 
and dimensional characteristics of the 


structures and the equipment of the aer- 
ation tank, the clarifier and the sludge 
recirculation system, and accommodates 
analytical data and the results of other 
common tests. 


SUPERPRESSDEG 

The system is designed to aid the oper- 
ation and optimize the performance of 
sludge dewatering units employing belt 
filters. 

Expertveil locates and corrects mechan- 
ical incidents or efficiency losses, and 
determines the optimum plant settings to 
meet the requirements set by the user 
(degree of dryness, solids loading, etc.). 


1156 


Chap. 21: Measurement, control, automation and supervision 


4.6. 


TOTALS ¥S:EEM 
ARCHITECTURE 


4.6.1. Security of operation 


Security refers to a system’s ability to 
correctly perform the functions required 
of it under given conditions. 


Security depends on: 

- reliability, or the probability that an 
equipment will fulfill its function for a 
stated period of time (see French Standard 
NF X 06-501); 

- availability, or the probability of a 
plant to accept its nominal load (flow 
rate, etc.) under all circumstances; 

- safety, or the protection of equipment 
and personnel from potential risks. 


Reliability is the prime preoccupation 
of equipment manufacturers, but lies out- 
side the control of the designer. Never- 
theless, as an example, it is useful to note 
that faults on electronic equipment are 
more likely within the first months of op- 
eration than subsequently. 


Although control systems nowadays 
achieve increasingly higher reliability lev- 
els (a PLC is more reliable than an equiv- 
alent relay assembly), no manufacturer 
can guarantee total absence of faults dur- 
ing the life of an automatic control sys- 
tem. 


It must be possible to shut down a 
control part (for maintenance or mod- 
ification, for example) without stopping 
the process (since the water treatment 
plant cannot be stopped at certain peri- 


ods). 


4,6.2. Crippled mode operation 


Analysis of crippled mode oper- 
ation involves determining how the plant 
will continue to operate in the event of a 
failure in an element of the control system 
to ensure maximum availability. 


e Redundancy 

It is sometimes necessary to duplicate 
or triplicate certain parts of the system to 
ensure automatic replacement of a defec- 
tive part by a second identical part (previ- 
ously on standby). 

In view of its high cost and complexity, 
this solution must be reserved for cases 
where all the automatic control functions 
must remain up and running, which up 
to now is rare in the water-treatment 


field. 


e Manual crippled mode operation 

In small-scale plants, it is often possible 
to revert to manual control if a PLC : 
stopped. 

This necessarily requires having to 
hand all necessary details concerning 
manual operations, even if the PLC is 
stopped (for example, processing of 
faults). 

Such a solution can only be envisaged 
if manual override is local, and covers on- 
ly a limited number of equipment items 
and simple control devices (and excluding 
permanently adjusted equipment). 


e Distributed automatic control 
Where one of the above conditions 
cannot be fulfilled, it is necessary to share 
automatic control functions over several 
distributed PLCs physically near the site 
of the process, to ensure that manual 
override remains physically possible. 


4, Supervision 


Although becoming increasingly mini- 
aturized, PLCs possess communications 
features previously reserved for high- 
performance equipment, hence facilitating 
the above-mentioned distributed 
approach. 


Given the possibility for functional and 
geographic sharing of the control part, 
analysis of crippled mode operation can 
be pursued in three main directions to be 
examined PLC by PLC: 

- redundancy in one vital part of the 
plant, 

— manual override through relay systems 
external to PLC (Figures 763 and 764), 
- simple isolation of the affected part of 
the process (such as with parallel 
machines), manual control being integral 
with the PLC (Figure 765). 


During the design of a distributed sys- 
tem, care must be given to the functional 
“breakdown” of treatment plant; to the 
exact definition of “functional assem- 
blies”; and to determining the equipment 
hierarchy of the various components. 

In determining such a functional 
breakdown, the system designer can gain 
time by applying methods already tested 
at other plants. 

Safety devices are always integrated by 
wired networks and not by PLCs (upon 
the recommendation of the French 
National Safety Institute). 


4.6.3. Equipment hierarchy 


The structure of the control part of 
a treatment plant can be defined in 
terms of hierarchical levels: each level 
supplies commands to the immediately 
lower level, from which it receives reports 
(Figure 766). 


— Level 1 corresponds to direct manual 
control of equipment by mechanical or 
hydraulic means; 


- Level 2 covers instrumentation, 
including actuators and sensors; 


— Level 3 covers all automatic control 
systems and regulators, and can be sub- 
divided into: 


e 3a: simple and continuous control- 
lers, rapid regulation loops, manual 
controls, and fault-processing systems; 
relays are employed at this level; 

e 3b: programmed controllers and reg- 
ulators; 


- Level 4 corresponds to CIM in its 
real-time function (that is, supervision); 


— Level 5 corresponds to CTM in its off- 
line function; 


- Level 6 corresponds to decision-sup- 
port and process optimizing. 
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Figure 763. Morsang-sur-Seine plant near Paris for LE-Dumez, France. Example of functional breakdown 
for a drinking water treatment plant. Crippled mode operation by local manual control. 
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Figure 764. Valenton plant near Paris for SIAAP, France. Example of functional breakdown for a munici- 
pal wastewater treatment plant. Crippled mode operation by local manual control. 
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Figure 765. Mont-Valéien plant west of Paris for CEB, France. Example of functional breakdown for a 
drinking water filcration facility. Crippled mode operation with isolating of sub-process. 


4. Supervision 
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Figure 766. Hierarchical organization of plant control system. 


Sal dustrial interference (noise, stray sig- 


COMMUNICATIONS nals, etc.). They are capable of han- 


dling small amounts of data over lim- 


NETWORKS ited periods. 


(b) Inter-PLC coordination networks 


From a functional viewpoint, several transmit requests and reports. They 
types of networks can be distinguished, must be insensitive to industrial 
each with special applications: interference and capable of handling 
(a) “Field networks’ transmit data a transfer within a given time. 


acquired by sensors and commands 

intended for actuators; they also allow (c) Supervision networks transmit 
using remote PLC I/O boards. Their data acquisition reports between a 
purpose is to replace wired networks, central supervisor and a series of satel- 
and they must be insensitive to 1n- lites (see Page 1148). 
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(d) Technical management networks 
exchange a high volume of data in 
file form. 

(e) Office systems are rarely used in 
water treatment applications. 


From the hardware viewpoint, com- 
munication channels (also referred to as 
communication links) often take the 
form of twisted pairs. Coaxial cables 
are sometimes employed which allow 
higher transmission rates, as do optical 
fibres (which are insensitive to industrial 
interference since the signal is transmitted 
in the form of light energy rather than 
electrical energy). 


Nevertheless, the two last-mentioned 
channels are more expensive. 


The connection mode between the 
various stations (“station” meaning any 
device transmitting or receiving data over 
a medium) defines the network struc- 
ture. The most common types of struc- 
ture are described below (Figure 767): 


1 - Point-to-point link: two stations 
directly exchange data with one an- 
other, neither being connected to 
any other station. 


2 - Star configuration: several satellite 
stations, each connected to a central 
station. The transmission carriers 
act as point-to-point links. 

3 - Closed-loop network: consists of 


point-to-point links successively con- 
necting one station to another; the 
last station is connected to the first. 
A bypass mechanism must be pro- 
vided for any off-line station, to 
ensure continued operation of the 
network. This structure is little-used 
in water treatment. 
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Figure 767. Types of network. 


4 - Multipoint network (also known 

as bus-based network): all stations 
share the same transmission carrier 
(1.e., one channel), hence it is neces- 
sary to define an access mode to 
avoid conflicts. Three access modes 
are available: 
— master-slave system, where one 
station (“master”) in turn interro- 
gates the other stations (“slaves”). 
Certain networks use the “floating 
master’ system, whereby in the 
event of a fault on the master sta- 
tion, one of the slaves is elected mas- 
ter in its place; 


4. Supervision 


- token-based system, whereby 
each station has access to the chan- 
nel when authorized by a special 
message (called a “token’”), issued by 
the previous station. 

Special devices exist to ensure only a 
single token is in circulation, and 
that it is not lost ; 


- random access system, whereby 
any station can connect in to the 
channel, provided no other station is 
there first. Collision-avoidance 
mechanisms are provided. 


The rules governing the various inter- 
station exchanges are called protocols; 
they must be programmed into each sta- 
tion in the network. 


Communications bridges or com- 
municators are sometimes used to connect 
stations employing one protocol to sta- 
tions employing a different protocol. In 
this case, the term multi-vendor net- 
work is employed to indicate that the 


network is linking varying types of equip- 
ment from different manufacturers. 

Transmission speed is measured in 
bauds, that is the number of bits trans- 
ferred in one second. 

Field networks, coordination networks 
and supervision networks often employ 
standard transmission speeds of 19,200, 
9600 or 4800 bauds, etc. 

Where the data traffic over a given 
channel is heavy, higher speeds are used 
(between 1 and 10 million bits per sec- 
ond - megabauds). 

Nevertheless, the essential parameter 
dictating choice of network is time: the 
time taken for a bit of data to reach its 
destination depends not only on the trans- 
mission speed, but also on the number of 
stations connected, the data stream, and 
the protocols employed. 

Figure 768 illustrates the position of 
the various networks within the hierarchi- 
cal organization represented in Fig- 
ure 766. 
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Figure 768. Various types of local area networks (LAN). 


4.8. 


RECOMMENDATIONS 
FOR USE 


“All done by computers” may be a 
popular adage in software departments, 
and while it is true that data processing 
systems offer extraordinary possibilities, 
economic factors mean that everything 
has its price. Hence the need to identify 
genuine operational problems, and select 
the appropriate solutions. 


Consideration must also be given to 
the particular characteristics of computer 
equipment. For example: 


4.8.1. Installation and maintenance 
conditions 


Data processing and peripheral equip- 
ment must be installed in a correct envi- 
ronment as regards temperature, humid- 
ity and dust, and protected from electrical 
disturbances such as power failures, inter- 
ference, lightning, etc. 


4. Supervision 


Over and above sensitive mechanical 
parts (disc drives and printers susceptible 
to dust), all electronic equipment can be 
affected by random faults independent of 
the equipment life cycle. Hence the possi- 
bilities for crippled mode operation must 
be investigated, and provision made for 
personnel able rapidly to change circuit 


boards. 


4.8.2. The state of the art 


_ Computerization imposes new working 

methods, with personnel training becom- 
ing a continuous feature to ensure that 
the plant remains up to date. The system 
designer can assist in this task by estab- 


lishing a maintenance contract covering 
both hardware and software. 


4.8.3. Performance limits 


It is difficult to assess the limits of a 
system until experience has been acquired. 

There is a great temptation to employ 
all the features of the system before ver- 
ifying that they are actually compatible, 
and discovering that memory capacity is 
too small, or access time is too long to the 
detriment of operational performance. 

Hence the solution is to limit the field 
to the most essential tasks and processes 
associated with the basic requirement, 
progressing to wider applications on a 
gradual basis as needs arise. 
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TREATMENT OF DRINKING WATER 


INTRODUCTION 


A treatment plant designed to produce 
water of drinking quality must always 
produce water to given standards, which 
may differ from country to country. Yet 
the raw material, i.e., the input water, 
may have varying characteristics, partic- 
ularly in the case of surface water. 

To cater for these variations, the treat- 
ment plant design may employ several of 
the processes described in Chapter 3, in 
which case the most judicious combina- 
tion will be sought from both the tech- 
nical and the economic viewpoints (cost of 
acquisition, and operating costs). 

Figure 769 illustrates the main treat- 
ment lines commonly found, which may 
be supplemented by additional special 
treatment lines made necessary by the 
presence of specific undesirable substances 
in the raw water (fluorine, nitrates, cal- 
cium, etc.). 

Line 1 is designed to treat clean, unpol- 
luted raw water requiring only disin- 
fection to achieve the required microbi- 
ological quality. Line 2 is designed to treat 


water with no pollutants, except SS, and 
requiring simple filtration prior to disin- 
fection. Where the water contains a small 
quantity of colloids, or has a more pro- 
nounced colour, in-line coagulation will 
solve the problem (Line 3). If the quan- 
tity of coagulant required to remove the 
colloids or reduce the colour is too high, 
the floc formed will be large and will rap- 
idly clog the filter creating the need for 
frequent washing. It is therefore essential 
to provide a floc separation stage that uses 
settling or flotation techniques prior to fil- 
tration (Line 4). 

The floc formed after addition of coag- 
ulant clarifies the water. This floc also has 
adsorbent qualities allowing a number of 
dissolved pollutants to be adsorbed on its 
surface. However, if the concentration of 
pollutant organic matter is too high, it 
may be necessary to include additional 
treatments, such as oxidation (Line 6) or 
adsorption (Line 5), which are used 
together with one or other of the clar- 
ification processes. 
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Some of the above treatment stages 
have a biological effect (Line 7). When- 
ever a treatment process involves a solid- 
liquid interface, the latter encourages the 
development of microorganisms, which 





may have a positive effect on the treated 
water. This is true of filter stages (sand or 
GAC) and, to a lesser extent, the sludge 
bed employed in settling tanks. 
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Figure 769. Diagram of main treatment processes. 





1. GENERAL PROCESSES 


1. General processes 





Pik 
RAW WATER 
STORAGE 


Storage of raw water can be an advan- 
tage in the event of prolonged drought, 
when river levels drop and the water qual- 
ity frequently changes. The volume of raw 

water stored must be sufficient to meet 
the demand for water over a given maxi- 
mum period. 

Storage also helps to overcome prob- 
lems of accidental pollution resulting in a 
raw water quality that is unacceptable for 
the treatment plant. In this case, pump- 
ing from rivers can be halted and raw 
water can be drawn from the storage 
reserves, thus avoiding interruptions in 
the production of treated water. The vol- 
ume of stored water is therefore deter- 
mined as a function of the pollution risks 
upstream of the water intake and the 
longest expected interruption in direct raw 
water pumping. 

Where geographic and climatic condi- 
tions enhance the development of plank- 
ton, raw water storage presents certain 


1.2. 
WATER INTAKES - 
GENERAL 


In the case of groundwater, the pri- 
mary concern is to design an efficient 
impounding or pumping system with 
minimum entrainment of earth and sand. 


disadvantages. For example, where the 
storage time is insufficient, heavy growth 
of algae and fungi may occur, whose me- 
tabolites can leave the water with an 
unpleasant taste that may prove expensive 
to remove. If the holding time in the res- 
ervoir is sufficient (one month), some of 
these problems may be solved by the zoo- 
plankton that develops. Simultaneously, 
other characteristics of the water will 
improve, such as the SS content, the 
ammonia content, or the quantity of bac- 
terial flora, etc. 


Storage of raw water requires large sur- 
face areas, which are costly and practically 
unfindable in urban areas. In addition, 
periodic cleaning of the reservoir may be 
required. 


Lastly, the construction of high-capac- 
ity water reserves (damming, etc.) 
requires special flooding precautions to 
avoid sudden eutrophication. All vegeta- 
tion must be removed and burnt outside 
the area to be flooded, the topsoil must be 
removed, as well as any previously exist- 
ing deposit of pollutant material such as 
refuse sites, chemical storage sites, etc. 


It is essential to leave a sufficient and well 
defined protection zone in accordance 
with local regulations. 


With a river source, the intake must be 
adapted to handle the various coarse mat- 
ter the water may contain. Correct design 
of the intake is the first step of the treat- 
ment process. 


1169 


1170 


Chap. 22: Treatment of drinking water 


1.2.1. Design of water intake 


With a lake of virtually constant 
level, the height of the intake must be 
selected such that ingestion of SS, colloi- 
dal substances, iron, manganese and 
plankton will be as low as possible 
throughout the year. 


If the lake is deep, it is recommended 
to locate the intake 30 to 35 metres 
below the surface, where the influence of 
light is minimal, thus guaranteeing lim- 
ited plankton content, particularly during 
periods of high growth. However, the 
intake must be at least 6 to 8 metres 
above the bed of lake to avoid the influ- 
ence of deposits and currents on the bot- 
tom. 


Lastly, allowance must be made for 
stratum turnover in lake water, a phe- 
nomenon which can occur under the in- 
fluence of temperature variations. 


Intakes built in impounding reser- 
voirs with variable water level, such 
as dams, must cater for the same phe- 
nomena, a need that requires the con- 
struction of intake towers through which 
water can be extracted from various lev- 
els, depending on the time of year. 


A river intake must be designed for 
protection against various entrained bod- 
ies such as earth, sand, leaves, reeds, 
grass, discarded packaging materials 
(plastics in particular), floating bodies, 
foam and hydrocarbon slicks, etc. There 
is no single ideal intake design. Various 
types of intake exist, suited for different 
types of river debris, river level, type and 
shape of bank, presence of river traffic, 
access constraints, etc. All these consid- 
erations may result in the need for a bot- 


tom intake, a lateral intake, a siphon 
intake, etc. Each case has to be examined 
individually. 


1.2.2. Roughing treatment 


Depending on the type of water 
extracted, the first treatment stage will be 
a roughing treatment stage, designed to 
remove coarse particles likely to interfere 
with the subsequent treatment processes. 


The installation (refer to Chapter 9) 
may include: 
— a screening unit; 
— a straining unit, also known as macro- 
straining, which is required if the water 
contains grass, leaves, plastic debris, etc. 
Cleaning must be automatic. Failure to 
include strainers for reasons of economy is 
the origin of trouble at numerous treat- 
ment plants, particularly those using lift- 
ing pumps; ; 
— a grit chamber, located - according to 
the intake design - either upstream or 
downstream of the straining unit (if 
installed). Grit removal is essential if the 
next stages of the treatment plant are 
sensitive to the quantity of sand in the 
water; 


— a microstraining unit if the amount of 
plankton is limited and if no subsequent 
settling is planned. Given the limited 
effect of microstrainers, this type of treat- 
ment is rarely suited to modern treat- 
ment plants; 

— a surface deoiler; 


- a preliminary sedimentation unit, 
required if the level of SS in the raw 
water (silt, clay, etc.) exceeds the concen- 
tration and extraction levels for the set- 
tling tanks downstream. 





1.2.3. Pretreatment with chlorine 


The protection of raw water pipes may 
require pretreatment with chlorine or one 
of its derivatives, such as Javel water, 
hypochlorous acid, or chlorine dioxide. 

When water heavily laden with organic 
matter and plankton has to be piped a 
long distance to the main treatment plant, 
it is essential to include an oxidizing treat- 
ment at the start, otherwise the flow 

‘through the pipeline will rapidly decrease 


1. General processes 


due to the development of plankton on 
the pipe walls. This type of pretreatment 
is also necessary for short pipes if fresh 
water mussels (Dreissensia polymorpha) 
are present. 


Iron bacteria or sulphur-reducing bac- 
teria can attack the iron in metal pipe- 
work, resulting in an increased iron con- 
tent in the water, particularly during 
treatment shutdowns. Chlorine treatment 
can reduce these problems. 





kes 


Figure 770. The Apremont treatment plant, western France. Flow rate: 2000 m’.h"'. View of the Apre- 
mont dam intake, which supplies the drinking water plant. 





oo. 
PREOXIDATION 


Rather than the protection of raw 
water pipelines as described in the preced- 
ing paragraph, this operation concerns the 
preliminary oxidation of water at the head 
of the treatment facility. 


1.3.1. Physical treatment: aeration 


Aeration is necessary if the water is low 
on oxygen, in which case the process 
involves the following: 

— oxidation of ferrous ions; 
— increase in oxygen content, to give the 
water a better taste, combat anaerobiosis, 
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and prevent corrosion of metal pipes by 
allowing the formation of a protective 
layer. 


Aeration may also be necessary if the 
water contains excess gases: 


— HS, which imparts a very unpleasant 
taste and can be easily removed by atmos- 
pheric aeration; 


— oxygen, when the water is supersat- 
urated and oxygen release would impede 
the operation of settling tanks, where the 
floc tends to collect at the surface, or fil- 
ters, which suffer from spurious clogging 
due to the release of gas inside the filter 
bed (air binding); 

— carbon dioxide (CO), which renders 
water aggressive, is removed by aeration 
at atmospheric pressure. The extent of 
carbone dioxide removal will vary accord- 
ing to the mineral content of the water. 
Partial CO2 removal will, in certain cases, 
be sufficient, with the residual gas serving 
to increase the mineral content by react- 
ing with neutralizing agents. 


1.3.2. Chemical treatment 


Chemical treatment includes the use of 
chlorine and its derivatives, ozone, and 
potassium permanganate. 


1.3.2.1. Preoxidation with chlorine 


Prechlorination before clarification de- 
veloped rapidly during the 1960s. Its 
main advantages are now well established: 


- improved flocculation by acting on or- 
ganic matter adsorbed on the SS. This 
results in an increased sludge cohesion 
coefficient, thus enabling higher settling 
velocities; 


— removal of most algae and other organ- 
isms (zooplankton and phytoplankton) 
likely to develop in settling tanks and fil- 
ters, thus facilitating plant operations 
(cleaner settling tanks, longer filter life). 
The risk of anaerobic fermentation is thus 
avoided; 


- colour attenuation when due to humic 
matter; 

— removal of ammonium, if applied dos- 
age is above breakpoint, and nitrites; 


— possible reduction in coagulant treat- 
ment rate; 


— partial removal of strong tastes; 


— stabilized chlorine absorption as a func- 
tion of time (for description of network 
test, see page 254); 


— increased safety for disinfection of dis- 
tributed water. 


The treatment rates employed generally 
correspond to the breakpoint, with a cer- 
tain residual free chlorine rate where 
ammonium has to be removed. In the 
case of inorganic ammonium, the 
required ratio of Cl2 to NH«" (in me. 
is 7. This ratio increases with the level of 
organic matter, and may reach 15 or 25. 
It is possible to treat at rates below break- 
point, in which case chloramines are 
formed. It is essential to ensure that this 
method will not cause undesirable taste 
problems (as, for example, phenols ox- 
idized into chlorophenols), with resulting 
complications for removal. 


However, prechlorination also involves 
the production of undesirable compounds 
which may be harmful to health, such as 
organochlorinated compounds and _halo- 
methanes (haloforms) (see page 44). 
These compounds are formed by the 
action of the chlorine on certain com- 
pounds in the water, known as precursors. 


1. General processes 


It is therefore preferable to withhold 
chlorination until as late as possible in the 
treatment chain, where as many of these 
precursors as possible will already have 
been destroyed. 

Prechlorination can only be maintained 
if: 
— the water contains no heavy concentra- 
tions of precursors; 
— oxidation of ferrous iron into ferric iron 
is required. The oxidation mechanism of 
chlorine on manganese Mn** (producing 
manganese dioxide) is often too slow to be 
- of practical use. 


1.3.2.2. Preoxidation with chlora- 


mines 


If the raw water contains no ammo- 
nium, it may be possible to treat it by 
injecting chloramines produced earlier by 
the action of chlorine on ammonia or 
ammonium sulphate. 


1.3.2.3. Preoxidation with chlorine 


dioxide 


This technique was briefly developed as 
an attempt to replace chlorine as a preoxi- 
dizing agent. In actual fact, chlorine diox- 
ide allows neither for the oxidation of 
ammonium, nor the formation of halo- 
forms. However, the oxidation-reduction 
reaction between chlorine dioxide and 
OM releases ClOx ions, which have to be 
disposed of afterwards. The use of chlo- 
rine dioxide as a preoxidizing agent is 
therefore on the decrease, but the tech- 
nique remains in use in certain cases for 
oxidizing Mn** into MnOz, where the cor- 
responding reaction mechanism is faster 
than that obtained if the Mn*” is oxidized 
with chlorine. 


1.3.2.4. Preoxidation with ozone 
Used before filtration, this technique 


can be employed to remove iron (refer to 
Page 1202) or manganese (refer to Page 
1213). It can also be used for improving 
clarification quality. 


e In-line coagulation 
An example of this technique is the 
Roberval plant (Figure 771). 
Preoxidation with ozone allows for: 
- partial oxidation of organic matter; 
- destruction of the organometallic com- 
plex binding iron and manganese (if pres- 
ent) to organic matter; 
- oxidation of the said iron and manga- 
nese; 
- formation of a floc suitable for reten- 
tion by filters. 


If the raw water contains an appre- 
ciable quantity of colloids, it may be 
essential to add a coagulant. If the floc 
formed is too fragile, it may be necessary 
to inject an aid to improve the cohesion of 
the floc and prevent untimely break- 
through of the filter, before it reaches the 
maximum design loss of head. 


e Improving settling 

This technique is employed at the 
Mont-Valérien plant near Paris (Figure 
772). The amount of ozone fed must be 
limited to produce the optimum floc lev- 
el. Too high a dosage restabilizes the col- 
loids, resulting in poor flocculation and 
settling. The dosage generally lies between 
0.2 and 1.5 mg.l”, with contact time lim- 
ited to two or three minutes maximum. 


The advantages of this technique are: 


— improved flocculation and better sludge 
cohesion coefficient; 


— improved settleability of floc, 
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Figure 771. Flow sheet of the Lake Saint-Jean treatment plant in Roberval, Canada. Flow rate: 400 m’.h"'. 
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Figure 772. General flow sheet of CEB’s Mont-Valérien treatment plant near Paris, France. Flow rate: 


2200 mh". 


— better removal of organic matter, par- 
ticularly the haloform precursors, 

- limited growth of plankton in settling 
tanks. In reality, a selection of species 
occurs, where some are practically 
removed, and others persist. It may be 
necessary to cover the settling tanks; 

— reduced dosage of coagulant (with sav- 
ings of between 10 and 50% depending 
on the type of water treated and the time 
of year); 


— reduced amount of ozone required at 
end of treatment line. The total amount 
of ozone used both in preozonation and 
postozonation treatments may in some 
cases be less than the quantity required 
if there were no preozonation treatment. 
Note: The use of ozone as a preoxidiz- 
ing treatment to improve clarification 
quality must be completed by further 
ozone treatment after clarification, to 
ensure that any compounds formed dur- 
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ing the initial treatment are completely 
oxidized. 


1.3.2.5. Preoxidation with potassium 
permanganate 


This oxidizing agent is employed par- 
ticularly when the raw water contains 
manganese. The manganese and _per- 
manganate ions undergo the following ox- 
idation-reduction process: 

3Mn** + 2Mn(VII) > SMn(IV) 
= wah ie 


The process is aided by a high pH lev- 
el, which increases the reaction kinetics. 
Whenever lime has to be used to correct 





the pH during the flocculation stage (as 
with mineral waters), it is recommended 
to allow a few minutes’ contact time fol- 
lowing introduction of the lime and the 
potassium permanganate, before adding 
the coagulant. 


Potassium permanganate is sometimes 
used for partial oxidation of certain 
organic matter and the removal of certain 
bad tastes. 


The quantity of KMnOx, injected in 
preoxidation processes must be strictly 
controlled. Excess treatment can result in 
a pinkish colour in the treated water due 
to the presence of soluble Mn(VIJ). 





Figure 773. View of the CEB’s Mont-Valérien treatment plant near Paris, France, showing a Pulsator clar- 


ifier and the preozonation building. 





1.4. 
CLARIFICATION 


Clarification consists of a series of oper- 
ations aimed at removing from the raw 
water by adsorption, formation of com- 


plexes, etc., any suspended solids, together 
with any pollutants (organic or inorganic) 
associated with these solids. 


Adding a coagulant to the water: 
- cancels out the negative electrical 
charge of particles in the water resulting 


WI) 
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in the complete coagulation of the col- 
loids, which can then flocculate; 

— causes coprecipitation of certain OM; 
— causes adsorption of certain organic 
matter and colour on the formed floc. 


Depending on the quality of the raw 
water, large quantities of coagulant may 
be required. It is therefore necessary to 
remove the major part of the resulting 
floc by a separation stage (either by set- 
tling or flotation) before filtration. The 
hydroxide removal capacity of the filter is 
limited, and if the water were filtered 
directly without this preliminary oper- 
ation, the filter would rapidly clog, requir- 
ing frequent washing (in turn resulting in 
unacceptable water consumption from 
both the economic and technical view- 
points). 

If the required treatment rate is low, it 
may be possible to use direct filtration fol- 
lowing addition of the coagulant and any 
necessary coagulant aid. This process is re- 
ferred to as in-line coagulation and can 
also be used where partial coagulation 
(i.e., incomplete cancelling of electronega- 
tive charge of particles) produces water of 
a satisfactory, though not superior, qual- 
ity. 

If the floc formed after complete coag- 
ulation contains a high proportion of 
hydroxide (high ratio of Al(OH); to SS in 
the raw water), then the density of the 
floc will be low and it may be wiser to 
employ flotation rather than settling for 
the separation stage. 


1.4.1. Clarification by coagulation, 
flocculation, settling and filtration 


The above technique is reserved for 
water having one or several of the follow- 
ing characteristics: 


— an SS level higher than 20 to 40 g.m™ 
for all or part of the year; 

— colour level greater than 30 mg.I” on 
the Pt-Co scale (if excess colour is the only 
fault in the water, other treatments are 
possible as examined hereafter); 

- high level of organic matter, which 
must be reduced to a minimum; 

— heavy metal content above the maxi- 
mum recommended limit; 

- high plankton content, even if tempo- 
rary. In actual fact, only combined coag- 
ulation, filtration and settling associated 
with pre-oxidation is able to reduce the 
plankton by up to 95 to 99%, with the 
remainder being removed by filtration. 
Microstraining is wholly unable to serve 
this purpose. 


The clarification treatment may take 
several forms, depending on the level of 
SS in the water. 


1.4.1.1. Clarification of highly turbid 


water 


Where the content of SS is likely to 
exceed 1500 to 3000 g.m™ over a pro- 
ness period, provisions must be made 
or: 

— either single-stage settling in a floc- 
culator-settling tank with scraper, which 
is only possible if the maximum content 
is not too high and will not lead to an 
excessive sludge volume likely to choke 
the settling tank. The generally accepted 
rising velocity can vary between 1 and 
1.5 m.h™! or even 2 mh”. 

— of two-stage settling using a prelimi- 
nary sedimentation tank and a finishing 
settling tank. This process is suitable for 
water with a very high clay content. 


For maximum efficiency, the prelimi- 
nary sedimentation tank must not be 
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considered as a grit chamber. If there is a 
notable quantity of grit, this must be 
removed beforehand down to a grain size 
of 0.1 to 0.2 mm, otherwise the scraper in 
the preliminary sedimentation tank is lia- 
ble to jam or suffer damage. 


If it is essential to run the above unit 
without adding a reagent, irrespective of 
the raw water quality and even during pe- 
riods of peak turbidity, it is important 
that the sedimentation tank be large 
enough to operate at times of peak load. 


If reagents are to be used during one 
part of the year, it is possible to use a 
smaller sedimentation tank, which will 
then operate without reagent during peri- 
ods of medium turbidity. For heavier 
loads (i.e., above 5000 to 10,000 g.m”), 
coagulant and/or flocculant are injected so 
that preliminary treatment remains ac- 
ceptably effective. 


The velocity in this preliminary sedi- 
mentation tank depends essentially on the 
type and amount of matter to be 
removed, the type of coagulant employed, 
and, above all, the volume of sludge to be 
extracted. 


In periods of heavy flow, it may also be 
necessary to add a neutralizing agent to 
correct the pH of the water. This additive 
serves no purpose for the rest of the time. 


The quality of the water received in the 
second settling tank thus varies within ac- 
ceptable limits, and the output following 
complete coagulation and flocculation 1s 
guaranteed as top quality settled water. 


The reagent feed systerm must be care- 
fully designed to cater for wide variations 
in the various treatment rates (even from 
one year to the next). Rather than increas- 


ing consumption, the injection of reagent 
at two points in the treatment chain (be- 
fore the preliminary sedimentation tank 
and after the finishing settling tank), 
actually makes savings, since at any given 
moment the sum of the two injections is 
less than the quantity of reagent otherwise 
required in a single injection to obtain the 
same water quality. 


The Jorf-El-Asfar plant in Morocco is 
one example of the above process (Figure 
774). 


A bypass isolates the preliminary sedi- 
mentation tank during periods where the 
raw water quality does not require its use. 


1.4.1.2. Clarification of moderately 
turbid water (40 to 1500-3000 g.m™°) 


Complete coagulation, combined with 
flocculation and single-stage settling, 1s 
generally sufficient in this case. The proc- 
ess can be performed either in a floccula- 
tor followed by a static settling tank, or 
preferably in a sludge bed flocculator- 
settling tank with either a scraper or a 
sludge recirculation system. The Algiers 
plant is an example of this method (Fig- 
manena/ 5): 


For optimal settling, it is first necessary 
to adjust the quantity of coagulant and 
the flocculation pH, which may be cor- 
rected by adding a neutralizing agent. 


Use of a flocculant aid is nearly always 
beneficial, not only to increase the settling 
velocity, but also to obtain a better clar- 
ified water. Experience shows that, in gen- 
eral, no additive will allow reductions in 
the dosage of coagulant without altering 
the treated water quality. 


If a lower water quality is an acceptable 
alternative, whilst still meeting the 
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Coagulant 


(Aluminium sulphate or 
chlorinated copperas) 


Io. 


Bypass 
6 longitudinal presedimentation 


6 Claricontact circular 
settling tanks (dia. = 35.5 m) 


Cl 


10 Aquazur filters 
(area per filter = 130 m?) 


tanks (8 x 45 m) with scraper and suction bridges 


Preliminary sedimentation Preoxidation 





Settling 


Filtration Disinfection 


Figure 774. Flow sheet of Jorf-El-Asfar plant (Morocco). Flow: 9000 m?.h”'. 


sy 


Lime 


| Aluminium sulphate 


6 Pulsatube 


settling tanks (87 x 19 m) 


Preoxidation Settling 





Cl, or ClO, 


Disinfection 


16 Aquazur V filters 
(area per filter = 163 m?) 


Filtration 


Figure 775. Flow sheet of the Algiers plant (Algeria). Flow: 23,600 m’.h”', 


required standards, the coagulant rate can 
be reduced with or without a coagulant 
aid. 

In countries where synthetic aids are 
authorized in drinking water, the coag- 
ulant rate has been reduced by means of 
cationic coagulant aids. The type and 
amount of aid are determined after lab- 
oratory testing. 

The different reagents are only opti- 
mally effective when the flocculation proc- 
ess occurs in a medium with a high con- 
centration of flocs. This is why 
flocculator/settling tanks are so effective, 
with their high concentration of floccu- 
lated sludge, as opposed to SS. It is pos- 
sible to use a conventional flocculator fol- 
lowed by a short retention time settling 


tank. This system achieves a water quality 
that meets the required standards, with- 
out, however, reaching optimal levels (no 
solids contact). 

The above-mentioned process of com- 
plete coagulation, flocculation, single- 
stage settling and filtration is by far the 
most commonly used. This process lends 
itself to simultaneous complementary 
treatments such as the removal of iron 
and manganese, and polishing. This proc- 
ess has the additional advantage of being 
able to operate as such for part of the 
year, or being switched to partial in-line 
coagulation for the rest of the time, in 
which case the settling tank is bypassed or 
used as a single contact tank before fil- 
tration for prechlorination purposes. 
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Figure 776. Treatment plant at Florence, Italy. Flow: 5400 + 9000 m’.h"'. Water treatment by clar- 
ification-filtration. 


1.4.2. Clarification by partial coag- 
ulation, flocculation and filtration 


If the water does not have a perma- 
nently high SS content, generally less than 
20 to 40 g.m- , with low colour (less than 
30 units on the Pt-Co scale), and low con- 
tents of organic matter, iron and manga- 
nese, then it can be treated by partial 
coagulation followed by filtration. The 
addition of coagulant usually requires a 
certain contact time before the water 
enters the filters, while the aid is injected 
at the filter inlet. The coagulant dosage 
determines the final turbidity after fil- 
tration. The purpose of the coagulant aid 
is to slow the penetration of the very fine, 
low-cohesion flocs into the filter bed. This 
type of treatment is used only on rela- 
tively unpolluted waters, otherwise the 
final quality would be unacceptable since 


less OM is removed than in the complete 
coagulation method. 


The limits of this type of treatment are 
also linked to the removal capacity of the 
filter media, which can be increased by 
using a thicker layer or beds with several 
grain sizes. 


The Lyonnaise des Eaux-Dumez plant 
at Nartassier in France is one example of 
this type of installation (Figure 777). The 
Nartassier plant treats water from the 
Canal de la Siagne, near the town of 
Cannes. 


This water gives rise to substantial scale 
formation and it is essential to inject suffi- 
cient quantities of H2SOx to correctly bal- 
ance the water before it enters the filters. 


The plant usually operates without 
injection of coagulant. When the canal 
water becomes cloudy, following heavy 
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rain for instance, the coagulant feed sys- with coarse material and serves roughing 
tem is started up to make sure that the purposes, producing water with a normal 
water is of the required quality. turbidity level of between 5 and 10 NTU. 
An interesting improvement on this The second filtration stage clarifies the 
technique is the installation of two succes- water until the final required quality is 
sive in-line coagulation stages, with the reached. Figure 779 shows the flow sheet 
possibility of injecting coagulating and for the renovated water treatment plant at 
flocculating agents upstream of each  Ivry, France, which supplies the city of 
stage. The first filtration stage is filled Paris at a rate of some 14,600 m’.h™. 


Canal de la 


Siagne 


Sulphuric acid 


Coagulant 


: (3 x 2kgh’?) 
1180 8 Médiazur dual-media filters 
(31.5 m? each) Safety 


FILTRATION OZONATION _ disinfection 





Figure 777. Flow sheet of the Nartassier plant in southern France. Flow: 2000 m°.h™. 


SES 





Figure 778. Lisbon-Asseiceira treatment plant in Portugal. Rated flow: 375,000 m’.d', Maximum flow: 
500,000 m?.d". 
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PAC (for crisis use) 
Coagulant 


Aid 


Seine river 


RW Rey 


Coagulant 


Biolite, 2.7 mm 
18 filters, 
81.5 m? each 





MF oxygen-fed ozone 
generator, 52 kg.h'O, 





Sand, 0.95 mm 
22 filters, 
81.5 m? each 


Preozonation lst stage filtration 





2nd stage filtration 


Safety 
disinfection 


Filtration 


Ozonation (GAC) 


Figure 779. The Ivry treatment plant near Paris, France, tor SAGEP. Rated flow: 14,600 oh", 


1.4.3. Advantages of flotation 


Flotation is recommended for: 

— waters with low SS levels (from lakes, 
dams, etc.); 

— poorly settleable waters producing only 
a light floc; 

— waters containing high amounts of 
plankton which, in summer, following 
chlorophyllous activity by algae, tend to 
become saturated with oxygen, thus 
impeding settling and causing the floc to 
resurface if settling techniques are em- 
ployed. 


Cl, NaOH Coagulant 
Byviaas 


Flocculation 
pH correction 


Flotation 


Flotation has the following additional 
advantages: 
- high operational flexibility. The plant 
can be started very rapidly (practically 
instantaneously); 
— economic use of coagulation reagents. 
Savings can be as high as 30% compared 
with the amount of coagulant used in set- 
tling; 
— sludge thickening: the sludge produced 
can be directed straight to the dewatering 
system, with no intermediate thickening 
stage. 


NaClo 
NaOH 


Filtration 





pH correction 
Disinfection 


Remineralization 





Figure 780. Flow sheet of La Gileppe treatment plane in Belgium. Flow: 3900 mh". 
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The Gileppe plant (Figure 780) treats 
water from a dam. The water is acidic, 
coloured, rich in OM and relatively free of 
minerals, with little SS. The floc therefore 
consists mainly of aluminium hydroxide 
on which the organic matter of the raw 
water is partially adsorbed. 
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After flotation, the water is reminer- 
alized with injection of CO2 and filtered 
on a neutralizing agent. This filtration 
process also removes residual turbidity 
in the floated water, and retains the 
manganese precipitated by the increase 
in pH. 





Figure 781. General view of Moulle treatment plane in northern France. 1200 m’*.h™ extension employing 


clarification by flotation. 


ee 


As seen on Page 38, organic matter, or 
OM, covers a wide range of compounds, 
which feature differing physical and 
chemical properties. Each stage of the 
treatment line contributes to the removal 


of a certain part of the OM. It is also 
worth noting that the higher the OM con- 
tent in the water, the greater the probable 
diversity of organic substances, hence the 
greater the number of treatment stages 
required. 


Certain volatile substances are best 
removed by aeration, which can be per- 
formed at the head of the treatment line 
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(by cascading or spraying), in’ the channels 
conveying the settled water (by air injec- 
tion), during certain treatment processes 
on attached growth using air injection 
techniques (such as nitrification), or dur- 
ing ozonation. 

If the organic pollution in the water is 


due only to volatile compounds, then they 
can be removed by stripping techniques. 
This applies to some groundwaters. Fol- 
lowing stripping, the final treatment stage 
consists in filtering on activated carbon, as 
shown in Figure 782. 





7 - Stripped water pump. 
8 - GAC filter. 


1 - Raw water intake. 
2 - Stripping column. 


3 - Packing. 9 - To mains. 
4 - Ventilation. 10 - Disinfection. 
5 - Air filter. 11 - Vent (to optional air treatment line). 


6 - Air injection into stripping column. 


Figure 782. Flow sheet showing removal of volatile chlorinated solvents. 


1.5.2. Coagulation - Flocculation - 
Settling (or Flotation) 


Certain compounds can either be 
adsorbed or precipitated with the floc 
formed after a metal salt has been added 
to the water. These compounds include 
such natural compounds as humic or ful- 
vic acids. If clarification is performed by 
partial coagulation and in-line floccula- 
tion, the OM removal rate (ie., per- 
manganate value) is limited to 10-30%. 
If complete coagulation is employed with 


settling or flotation, this rate may reach 
40, 60 or even 70%, if PAC is also used 
in the settling tank. 


1.5.3. Filtration 


Filtration on sand or in a dual-media fil- 
ter contributes little to the removal of organ- 
ic matter when it is located after settling or 
flotation. The filtration removes the residual 
floc and any organic matter adsorbed on the 
surface of this floc. The removal rate in this 
case is around 5 to 10% in terms of the OM 
present in the raw water. 
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Figure 783. View of the Menden treatment plant in Germany. Flow: 210 m’.h'. Scripping column used 


for the removal of volatile solvents. 


1.5.4. Additional treatments 


For waters with very high concentra- 
tions of OM, it is possible that sufficient 
quantities will not be removed by clar- 
ification treatments, in which case addi- 
tional treatments are necessary, usually 
ozonation and adsorption. 


1.5.4.1. Ozonation 


Ozone considerably enhances the orga- 
noleptic qualities of the water: OM levels, 
colour, and taste. 

Ozone considerably reduces the overall 
UV absorption parameter, resulting in the 
transformation of organic matter by open- 
ing double bonds (for example, ethylene 
bonds or aromatic rings, etc.). 

When the reaction between the pollu- 
tant and the ozone is rapid, as with phe- 
nol, the appearance of residual ozone indi- 


cates the end of the transformation of the 
original pollutant. If the reaction between 
the pollutant and the ozone is slow, the 
appearance of residual ozone alone is 
insufficient and the residual level must be 
maintained for a certain time to ensure 
that the reactions are complete. This is 
the reason why several ozone reactors (or 
contact chambers) are often installed in 
series (refer to Page 888). 


The conditions under which ozone is 
used in drinking water treatment proc- 
esses generally preclude oxidation of 
organic matter until the last stage (CO2, 
H2O), which achieves an appreciable 
reduction in the TOC. Yet transforming 
organic matter by ozone in this way pro- 
duces compounds with lower molecular 
weights and higher polarity, and with 
higher biodegradability even if their total 
oxygen demand is reduced. 


1. General processes 


The efficiency of ozone on simple aro- 
matic compounds varies greatly and de- 
pends on the nature of the radicals fixed 
to the aromatic ring. 

Ozone is particularly effective for 
removing phenols, detergents, polycyclic 
hydrocarbons, and certain pesticides, such 
as aldrin. On the other hand, ozone will 
not remove other pesticides, such as lin- 
dane. 

Ozone also considerably lowers the lev- 
els of haloform precursors, thus reducing 
the potential for the formation of halo- 
_ forms. 

Ozone also removes numerous sapid 


organic compounds. Nevertheless, it is 
worth noting that where the treatment 
rate is too low, the degradation of certain 
organic compounds leads to the formation 
of other compounds affecting the taste of 
the water (ketones, aldehydes). In this 
case it is important to increase the treat- 
ment rate, as well as the contact time, to 
ensure that the correct quality is reached. 

The ozone dosage required to treat a 
given water can be determined by lab- 
oratory testing (refer to Page 356). 

In industrial plants, the ozone dosage 
can be adjusted as a function of the UV 
absorption level (an LE-Dumez patent). 





Figure 784. The Bedok treatment plant in Singapore. Flow: 5700 m’.h', Ozonation unit. 


1.5.4.2. Adsorption 


Adsorption is a particularly effective 
treatment in removing organic matter, 
particularly when the molecular weight of 
the OM is high and the polarity is low. 
Activated carbon is used to remove: 

— numerous sapid compounds, 
— phenols, 


— surfactants; 

- saturated hydrocarbons with relatively 
insoluble molecules that are not easily 
attacked by ozone; 

— pesticides. 


Adsorption is less effective against 
polar solvents and organochlorinated com- 
pounds with low molecular weights, 
which is why filtration on granular acti- 
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vated carbon alone is not enough to satis- 
factorily remove haloform compounds. 

When the carbon is used in powder 
form prior to settling, the permanganate 
value or the TOC can be expected to drop 
by about an additional 10%. Powdered 
carbon can also be used in severe cases of 
accidental pollution to clip the pollution 
peak. 

With activated carbon in granular 
form, all the organic compounds are 





po 


Figure 785. LE-Dumez treatment plant at Viry-Chétillon near Paris. Flow: 4000 m?.h”. GAC filter plant. 


By way of example, after complete clar- 
ification of a moderately polluted surface 
water (6 vol/vol.h), the service life of 
good quality activated carbon employed 
in the second filtration stage of a drinking 
water treatment line is included within 
the following limits for the different types 
of organic compound: 

- haloform compounds: 1 to 2 months; 
— permanganate value: 3 to 6 months; 


_regeneration of the GAC is 


removed by new carbon. The activated 
carbon bed then becomes gradually 
exhausted and its efficiency gradually 
decreases over time. The drop in efficiency 
depends on the number and type of com- 
pounds being retained. When the carbon 
is considered to be inefficient, it must be 
replaced or reactivated. The time that 
elapses between the service entry and 
called the 


“service life”. 


— anionic detergent: 3 to 6 months; 
- removal of unpleasant tastes: 3 to 4 
years. 

For many types of water, the level of 
organic matter removed by carbon alone 
stabilizes after around six months to be- 
tween 5 and 15% of the initial content of 
the raw water, not including the quanti- 
ties removed in upstream treatment 
stages. 
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The removal process is due partly to 
the diffusion of organic compounds inside 
the pores of the carbon, and partly to bio- 
logical activity of microorganisms inside 
the filter bed. The removal process may 
cease in cold water. 

The service life of a given GAC used 
for organic matter removal purposes can 
be predicted using numerous models 
and laboratory tests on both the water 
to be treated and the carbon to be em- 
ployed. The Lyonnaise des Eaux- 
Dumez-Degrémont model is based on 
adsorption of TOC. 


Seine river 


' 
1 
Ry 


1 - Screening. 

2 - Macrostraining (1.5 mm). 

3 — Preoxidation (where applicable). 
4 - Contact time. 

5 - Coagulant injection. 

6 — Aid injection. 


1.5.4.3. Combined ozone-activated 
carbon treatment 


This treatment is the ideal means of 
removing organic matter, and is used in 
many modern treatment plants (Nantes, 
Morsang, and Mont-Valérien in France, 
Belgrade, etc.). This process optimally 
combines the advantages of both ozona- 
tion and activated carbon treatment. 

Use of the process at the Morsang plant 
(phases 2 and 3) is illustrated in Figure 786. 

By improving the biodegradability of the 
organic matter, the ozone lightens the 
adsorption workload of the activated car- 
bon, thus increasing the cycle run between 
two regenerations by between 20 and 50%. 


7 - Powdered carbon (for use against accidental pollution). 
8 — Densadeg settling tank (lamellae settling velocity: 22.5 m.h”). 
9 - Filtration (6 x Aquazur V filters: filtration rate: 13 mh"). 


10 - Coagulant. 

11 - Ozone generator. 

12 - Ozonation. 

13 - Filtration on GAC (6 Meédiazur filters). 
14 - NaOH (if required) for pH correction. 
15 - Disinfection. 


16 - Polished water reservoir. Minimum contact time: 2 h. 


17 - Distribution. 





Figure 786. LE-Dumez Morsang III treatment plane near Paris, France. Flow: 3800 mh", 
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Figure 787. LE-Dumez treatment plant at Morsang near Paris, France. Flow: 10,000 m’.h”'. Overall view 


6. 


The mineral composition of a water 
produces a special taste. Some consumers 
prefer a “soft” taste to their water, while 
others prefer a “mineral” taste. In general 
terms, if a mains system is supplied by 
two types of water with different mineral 
compositions, the consumer will be con- 
stantly dissatisfied since the water will 
often have a bad taste. The solution is 
therefore to mix the water before distribu- 


tion, if this is possible, or to avoid alter- 
nating the origin of the supply. 


The first step is to determine whether 
the tastes are present all year round, or 
during certain periods only, in which case 
it 1S important to see whether the taste 
can be correlated either with natural phe- 
nomena (algae growth, changes in tem- 
perature, rainfall, level of water in dams, 
etc.), or with human activity, whether 
agricultural (spreading of fertilizers, pesti- 
cide treatment, etc.), or industrial (sugar 
beet compaign, for example). Foul tastes 
can also appear during one of the phases 
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of the existing treatment program, such as 
storage or transport of raw water, settling, 
oxidation, etc. 


The next step is to correctly identify the 
tastes, either by tasting or by fine analysis 
such as GC-MS coupling, which is expen- 
sive. This research will determine whether 
the product(s) at the origin of the taste is 
(are) volatile, adsorbable on granular acti- 
vated carbon, or destructible by oxidation. 
Excess chlorine in the mains water supply 
(> about 0.15 mg”) is also unpleasant 
_ for the consumer. 


1.6.3. Treatments 


e Aeration 

Aeration removes tastes caused by H2S 
or certain volatile organic compounds 
such as toluene or ethylbenzene. 


e Clarification 

The settling and filtration stages 
remove taste due to SS. In addition, dead 
zones should be avoided in the plant and 
steps taken to ensure that no area is an- 
aerobic, particularly when the plant is op- 
erating at low rates. 


e Activated carbon 

Adsorption on activated carbon is par- 
ticularly well suited to the removal of cer- 
tain substances responsible for foul taste. 
The carbon can be used in powder form if 
the tastes appear intermittently, provided 
that the occurrence of the tastes can be 
detected in the raw water. If the carbon 
dosage exceeds an annual average of 15 to 
20 g.m”, it is preferable to use granular 
activated carbon (GAC). GAC is em- 
ployed in a filter bed and provides a con- 
stant barrier in the treatment line. 


e Oxidation 

- Final disinfection must be studied 
with care, to prevent this important treat- 
ment process itself from becoming a 
source of foul tastes. Disinfection with 
chlorine may lead to the appearance of a 
chlorophenol taste if there are traces of 
phenol in the water. Similarly, chlorine 
will oxidize any bromides (or iodides) in 
the water into bromine (or iodine), which 
will react with the haloform precursors to 
give bromoforms (or iodoforms), which in 
turn give the water a strong chemical 
taste. It is essential in this case to employ 
chlorine dioxide disinfection. 


- The purpose of intermediate ox- 
idation is to destroy any sapid products. 
For example, ozone destroys phenols, and 
the water can then be chlorinated without 
risk of forming chlorophenols. Similarly, 
ozonation destroys haloform precursors 
and prevents the subsequent appearance 
of sapid haloform precursors during chlo- 
rination. 


In general terms, ozone is the most 
effective oxidizer for removing foul tastes. 
Nevertheless, geosmin and tastes caused 
by chlorinated pesticides are not totally 
removed. 


When ClO2 is used for final disin- 
fection, there is no point in attempting to 
conserve the residual ClO: right up to the 
extremity of the network, as this would 
involve an excessive treatment rate, result- 
ing in an unpleasant metallic taste due to 
the presence of ClO2 ions. 


e Combined ozone-activated car- 
bon treatment 

This treatment is the ideal means of 
removing taste and also reduces the chlo- 


1189 


Chap. 22: Treatment of drinking water 


rine demand of the mains, and therefore plants. Figure 788 illustrates the flow dia- 
the final injected dosage. This treatment gram in the Tours treatment plant in 
is being adopted in a growing number of France, which treats groundwater. 





Safety 
Ozonation Filtration disinfection Distribution 





Figure 788. Flow sheet of the Tours treatment plant in central France. Flow: 2400 m’.h™'. 7 Médiazur fil- 
ters, each with a surface area of 56 m’. 
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Figure 789. The Nantes treatment plant in western France. Flow: 11,700 m’.h”'. Taste removal from sur- 
face water. Ozone generators: 3 x 30 kg.h'. 10 Médiazur biflow filters, each with a surface area of 128 m’, 





We 
ARTIFICIAL RECHARGE 
OF AQUIFER 


Artificial recharge of aquifer is a tech- 
nique applied to geologically isolated un- 
derground water reserves, where the nat- 
ural supply has become insufficient to 
meet the water requirements of the area 
served. 


One good example of this technique 
can be seen at Croissy in the Paris basin 
- (Figure 790). The drainage area is com- 
posed of white Senonian chalk, fissured to 
depths of several dozen metres, covered 
with recent alluvia (sand and gravels). It 
is naturally fed by: 

— rainwater run-off from the geographical 


Recharge basins 


SEVESC pumping station 


Figure 790. Diagram of the Croissy aquifer. 


1. General processes 





area and outlying neighbourhoods (vol- 
ume diminishing due to increased urban- 
ization); 

- sub-fluvial seepage from the Seine 
River; 

- infiltration from the Seine. 

The quality of the groundwater has 
been degraded due to pollution of the 
Seine. Further, urbanization has led to 
increased demands. Natural infiltration 
represents approximately 30x10° m? per 
year, whereas the pumped quantity is 
50x10° m? per year. It therefore became 
necessary to implement an artificial 
replenishment system with the dual pur- 
pose of maintaining the quality of the 
groundwater, while providing a large 
enough water supply to meet require- 
ments. 


Rueil Bougival 


e LE-Dumez wells 
@ SEVESC wells 
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Figure 791 illustrates how the aquifer 
recharge system operates. 


e Advantages of aquifer recharge 
— natural removal of all pathogenic 
germs and bacteria by the biological 
membrane that develops in the bottom of 
the recharge basins and by percolation 
through the ground; 

— reduction in the amount of assimilable 
OM contained in the water through the 
biological action of the various treatment 
stages; 

- — availability of a substantial reserve of 
good quality water: the aquifer acts as a 
storage facility and recharge is performed 
only when the raw water is at optimum 
quality. In the event of accidental pollu- 
tion, only the recharge operation is inter- 
rupted, distribution being continued from 


1.8. 
DISINFECTION 


1.8.1. Definition 


Disinfection is the final stage of treat- 
ment before the drinking water is distrib- 
uted. Disinfection removes all pathogenic 
microorganisms from the water. A few 
harmless germs may remain in the water, 
since disinfection does not mean steril- 
ization, which is the removal of all germs 
from a given medium. 


1.8.2. Bactericidal effect and rema- 
nent effect 


The disinfection of water comprises 
two important stages, corresponding to 


1. General processes 


the underground reserve and the polishing 
stages. 

For each aquifer, the requirements and 
timeframe of the recharge program can be 
determined using a mathematical 
model established on the basis of various 
factors such as pump flow rates, rainfall, 
etc, 


e Maintenance of recharge basins 

When the loss of head through the 
recharge basins is too high due to an over- 
developed biological membrane, the level 
will rise. In this case, the feed to this basin 
is stopped and the pit is allowed to run 
dry. Following natural dewatering, the 
membrane can be easily removed just like 
a piece of carpet. This operation produces 
little disturbance in the sandy infiltration 
surface, and the sand is replaced only after 
several years of service. 


the two different effects of a given disin- 
fectant: 
- the bactericidal effect: the capacity 
to destroy germs at a given treatment 
stage; 
— the remanent effect: the ability of a 
disinfectant to remain in the distribution 
system and guarantee the bacteriological 
quality of the water. This process has both 
a bacteriostatic effect against the resur- 
gence of bacterial life, and a bactericidal 
effect against weak and occasional pollu- 
tants occurring in the mains. 

The table below summarizes the qual- 
ities of the various disinfectants employed: 


[6 [en [caine] uv 


Bactericidal effect] +++] ++ | ++ + ++ 
Remanent effect | 0 + + ++ 0 
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Note: Potassium permanganate is not em- 
ployed as a disinfectant in communal water dis- 
tribution plants, except for certain pipe cleaning 
operations. Potassium permanganate is used in 
private applications only. 


1.8.3. General conditions for good 
disinfection 

Disinfection is only effective when 
applied to good quality water. The con- 
centration of suspended solids should 
be as low as possible and 1 mgt" at the 
most. Bacteria and microorganisms can 
agglomerate on the SS, which protect 
them against the effect of disinfectants. 

The OM content, the TOC and above 
all the content of assimilable organic 
carbon (AOC) must be as low as pos- 
sible. If these parameters are too high, the 
water will consume the residual disin- 
fectant, thus allowing for the possible 
reviviscence of bacteria. It would also be 


difficult, if not impossible, to maintain a 
constant residual disinfectant level in the 
network. 

Applying disinfectant to water often 
leads to reactions producing by-products, 
which must be minimized as far as pos- 
sible. Nevertheless, the measures taken to 
reduce the by-products must not be detri- 
mental to the action of the disinfectant 
itself. 


1.8.4 


Effective disinfection entails combining 
a residual level C with a contact time T. 
The result is the C.T factor: 
C mg.’ x T minutes = Concentration X time. 

The relative effectiveness of various dis- 
infectants differs from one bacteria to an- 
other. For example, Figure 792 shows the 
time versus concentration conditions 
required to remove 99.9% of a population 
of Escherichia coli. 


Conditions of use 
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Figure 792. Drinking water disinfection graph (concentration versus time) (after Wuhrmann). 
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The graph shows that ozone acts far 
more rapidly than chlorine or chlorine 
dioxide, and that monochloramine acts 
very slowly. 

Similarly, for a given disinfectant, the 
C.T factor varies from one microorganism 
to another (Figure 793). 


Poliovirus 1 


0.01 
10 1000 


Time for 99.9% removal (seconds) 





Figure 793. Disinfection by chlorine showing con- 
centration vs time equation for Escherichia coli and 
poliovirus 1: pH = 6.6, T = 53°C (after Scarpino). 


The conditions of use of each disin- 
fectant must allow for effective disin- 
fection, even if temporary concentrations 
of SS or OM in the water to be treated 
risk impairing the action of the disin- 
fectant. In practice, recommended C and 
T conditions are specified for each disin- 
fectant. 


1.8.4.1. Chlorine 


A free chlorine rate of 0.5 mg.t' for a 





contact time of 30 minutes at a pH of 
less than 8 is sufficient to remove patho- 
genic bacteria and the poliomyelitis 
viruses. 


During disinfection, it is important to 
check that the water is free of certain re- 
sidual organic compounds, which, al- 
though allowed by legislation and not in 
themselves a source of foul taste, may re- 
act with the chlorine disinfectant to pro- 
duce foul taste. 


1.8.4.2. Chlorine dioxide 


A dosage of 0.2 mg.I' for 15 minutes 
provides effective protection. The rema- 
nent effect is high. It is inadvisable, and 
in certain countries prohibited, to employ 
high dosages of ClO2 for disinfecting 
purposes. The oxidizing action of ClO2 
on OM frees the ClO. ion, which is 
known to be toxic and gives the water an 
unpleasant metal taste. 


1.8.4.3. Ozone 


A dosage of 0.4 mg.l™ for 4 minutes 
(C.T = 1.6) is recommended to remove 
pathogenic bacteria and the polioviruses. 
A C.T factor of 2 appears to be necessary 
to guarantee total removal of Giardia 


cysts. 


Disinfection by ozone requires the 
input water to be free of soluble manga- 
nese (Mn?*). If the Mn** content is 
greater than 0.03 mgl', applying ozone 
will result in the oxidation of the manga- 
nese into Mn(VII), which turns the water 
pink. The water then turns orange-brown 
due to the precipitation of MnO2. 


Similarly, it is necessary to check that 
the colour of the input water, which is 


Mo5r 
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related to the degree of residual organic 
matter, will not give rise to precipitation 
after ozonation. 


1.8.4.4. Chloramines 


Chloramines are hardly ever used for 
their bactericidal effect, but for their 
remanent effect, particularly in the distri- 
bution of relatively warm water (above 
25°C), since they are more stable than 
chlorine at these temperatures. The use of 
chloramines is likely to develop in coun- 
tries where a high residual disinfectant 
level is required at the consumer tap and 
in order to reduce the haloform content. 
Chloramines are used following prior dis- 
infection with ozone (for bactericidal 
effect), or at the end of treatment plants 
employing ozone for oxidation at various 
stages. 


1.8.5. UV radiation 


1.8.5.1. General principles 


— Disinfecting water by UV radiation 
involves applying a sufficient dosage 
required to obtain a given effect (for ex- 
ample, a given percentage of removal). To 
obtain this dosage D, a given intensity of 
radiation, I, must be applied for a given 
time, t. D = It. 


D = mJ.cm” (or mW.s/cm’) 

l=mW cm 

t =s. 

- The variation in the number of surviv- 
ing microorganisms N is given by a law of 
the type: 


ae = 
k = constant depending on the dosage and 
the water quality. 


The above equation expresses how a 
given dosage will remove a certain per- 
centage of a given microorganism. For ex- 
ample: 

— to remove 90.0%, the required dosage 
= Dro, 

— to remove 99.0%, the required dosage 
= 2 Duo; 

— to remove 99.9%, the required dosage 
= 3 Doo. 

The dosage, which is applied on thin 
water films, depends largely on the types 
of microorganisms to be removed: 








Dosage required 
to inhibit 99.9% 


(in mW.s/cm?) 









Organisms 






Escherichia coli 
Pseudomonas aeruginosa 
Bacillus subtilis spores 





Escherichia coli are more resistant than 
most other Enterobacteriaceae, and the 
same appears to be true of the poliovi- 
ruses. Algae and Protozoa require larger 
dosages. 

In general terms, it is thought that 4 
dosage of between 20 and 25 mW. s/cm? 
is sufficient for effective disinfection in 
the production of drinking water. On- 
going research aims at identifying the dos- 
ages required to inhibit other organisms, 
such as Yersinia and Giardia, which may 
require quantities that are higher than 
usual. A dosage of 150 mW.s/cm’ seems 
to be required to inhibit Giardia cysts. 

— The above dosages refer to UV radi- 
ation at 253.7 nm, and not to total radi- 
ation. 


1.8.5.2. Conditions of use 


- Maximum efficiency and safety of UV 
disinfection are achieved in waters with 
good transmittance values, i.e., where tur- 


bidity is less than 1 NTU. 





— Iron, OM and especially substances te- 
sponding to UV absorption at 257 nm 
have a detrimental effect. 

- The geometry of the apparatus is 
important. The thickness of the water 
film must not exceed a few centimetres. 
— Equipment must be regularly cleaned 
to remove matter (organic or mineral) de- 
posited on the lamps or the protective 
quartz windows. A contact chamber with 
vertically arranged lamps reduces deposits 
and facilitates cleaning. 

— It is essential for equipment to be fitted 
- with a system to check the condition of 
the lamps (loss of intensity over time) and 
measure operating time. 


1.8.5.3. Advantages and disadvantages 
The clear advantage of UV disinfection 


beh 
SLUDGE TREATMENT 


1.9.1. Types of sludge 


The sludge produced in the treatment 
of drinking water is generated in the 
extraction or draining processes in the 
settling stage, where applicable, or in the 
washing of filters. 

The SS contained in the sludge contain 
the matter present in the water before it 
was treated: plankton, flocculated mineral 
and organic matter, metallic hydroxides 
(iron, manganese), as well as other sub- 
stances added during treatment — metallic 
hydroxides from coagulants, powdered ac- 
tivated carbon, bentonite, etc. 


1. General processes 





is that, at the dosages used, no products 
are formed by reaction with the OM pres- 
ent in the water. 

However, this advantage is associated 
with two major disadvantages: 


— the effectiveness of the treatment can- 
not be immediately verified by measuring 
a residual level, as is the case with chem- 
ical oxidizing agents; 


— there is no remanent effect. UV disin- 
fection is therefore only used in water 
mains where the distribution network is 
small and well maintained. Otherwise, 
UV disinfection must be supplemented 
by a disinfectant with a remanent effect 
(chlorine, chlorine dioxide, or chlora- 
mine), a requirement that considerably 
reduces the advantages offered by UV. 


In the case of lime softening, the SS 
may also contain a lot of calctum carbon- 
ate. 


1.9.2. In-line coagulation 


The average SS content of the filter 
wash water can vary from 200 to 
1500 g.m”. A thickening unit is required 
to ensure that the sludge has a minimum 
SS content of 20 gl" for dewatering pur- 
poses. The Densadeg is particularly well 
suited to this task. 


1.9.3. Complete treatment 


with coagulation, flocculation, separation 
(settling or flotation), and filtration. 
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Figure 794. Les Ansereuilles plant in northern France for Société des Eaux du Nord. Thickening of iron re- 
moval sludge by Densadeg RP unit (flow: 200 m’.h'). 
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Figure 795. The Cholet plane in central France, showing flotation of drinking water sludge. 
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Figure 796. General view of plant opera 
Authority), France. Flow: 700 m° ie 


Figure 797. Plant operated by the Syndicat de Production des Eaux du Cher (Cher Water Authority), 
France. Sludge dewatering by belt filter. 
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The above types of plant produce two 
types of sludge: 
e Filter wash water. This water is 
stored in a tank with sufficient volume for 
water from one, or preferably two, filter 
washes. The water is then continuously 
pumped at low rate to the head of the 
plant prior to coagulation. The average 
flow rate is generally between 1 and 3% of 
the total plant flow. This type of recircu- 
lation causes no problems in the clar- 
ification stage. 


e Sludge extracted from the sep- 
aration stage. The volume of sludge de- 
pends on the type of water and the sep- 
aration methods. On average, the volume 
represents about 0.5 to 2% of the total 
treated volume. If the sludge cannot be 
transferred to the main sewer, it must be 
processed on site using the thickening and 
dewatering techniques detailed in Chapter 
19. Aluminium sulphate used as a coag- 
ulant can sometimes be recovered by acid- 
ification. 


2. Special treatment processes 


2. SPECIAL TREATMENT PROCESSES 


Bo]. 
REMOVAL OF IRON 


2.1.1. Iron and its natural states 


In surface water, iron is generally found 
in its precipitated ferric form, and is often 
_ associated with the SS. Iron is also found 
in its ferrous state in the deeper layers of 
some water reserves lacking in oxygen, or 
in groundwater, in which case the iron is 
in a reduced dissolved form (Fe™*) and 
often chelated. 

e Ferrous iron exists either as Fe”* or - 
hydrated ions: FeEOH® or Fe(OH);. 
water with a high M alk. value, the Bet 
ion is mostly encountered as a hydrogen 
carbonate (or bicarbonate), in which case 
the solubility, as deduced from the laws of 
chemical equilibrium, respects the follow- 
ing equations: 


FeCO; = Fe + COs” with [Fe"]{COs*T = Kv, 
HCO} 2 Ht + CO} with HHMCOsT _ 





{HCOs ] 
whence: 
(Fey _ K’rco; - {H"] # {H"] 
K,  {HCO,} {HCO%) 


In the presence of H)S, solubility drops on 
account of the low value of the product of 
solubility of the ferrous sulphur, which 
therefore precipitates. 


@lron complexes containing Fe** or 
Fe™* 

- inorganic: silicates, phosphates or pol- 
yphosphates, sulphates, cyanides, etc.; 

— organic: genuine complexation phe- 
nomena, chelation or peptization, in par- 


ticular with humic, fulvic or tannic acids, 
etc. 


Note: Iron is often associated with man- 
ganese (see par. 2.2) and/or ammonium 
(see par. 2.3). 


When defining an iron removal treat- 
ment, it is not sufficient simply to know 
the total iron content. The various forms 
in which the element can occur also must 
be known. The different states of iron in 
water are listed in Figure 798. 


Once the well has been in operation 
long enough to ensure that the samples 
are fully representative, most character- 
istics have to be identified on the spot. 
pH, redox potential, dissolved oxygen 
content, and free CO2 content must all be 
measured. 


In practice, the problem can be well 
defined if the total iron, total dissolved 
iron, total Fe’*, and dissolved Fe’* are 
known. Removal of the dissolved forms is 
problematic, especially in the presence of 
iron complexes. If detailed analyses cannot 
be made on site, the presence of com- 
plexes, and therefore the difficulties, can 
be assumed if the total dissolved iron level 
is greater than the theoretical solubility 
value, which is deduced from the pH and 
alkalinity as given by the preceding equa- 
tions. 


The state of iron in water depends 
above all on the pH and the redox poten- 
tial. Figure 799 shows that a dissolved 
form of iron (Fe’* or FeOH*) can be 
changed to a precipitated form (FeCOs, 
Fe(OH): or Fe(OH)3) by increasing either 
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Ferrous iron 
(bivalent) 












Fe(OH), 








Precipitated: Dissolved: Inorganic Organic Fe(OH,) 
FeS Fe2+ complexes: complexes: and other 
FeCO a silicates, humic acid, precipitates 
¢ OO phosphates, fulvic acid, 


etc. 


Dissolved (or finely dispersed) iron not retained on filters 
(Precipitated iron retained on filters) 










Ferric iron 
(trivalent) 


Chelated 















etc. 











Figure 798. Forms of iron in water. 


the oxidation potential or the pH, or 
both. The various applicable physical- 
chemical treatments are based on these 
principles. 


Microscopic examination is also recom- 
mended to determine whether iron bacte- 
ria are present. 


2.1.2. Iron removal by physical- 
chemical means 


Together with oxidation by air and fil- 
tration, this technique was for a long time 
the most common method used, partic- 
ularly for well water. If necessary, other 
treatments can be added, such as pH cor- 
rection, chemical oxidation, settling, etc. 


Unoxygenated waters from deep sources 
can always be oxygenated, even if a chem- 
ical oxidizing agent is also employed. Aer- 
ation is necessary if the water contains 
H2S. 

Ozone is a choice chemical oxidizing 
agent for the oxidation of iron. If the 
water contains a high degree of OM or 
manganese, the required dosage must be 
carefully calculated. 


2.1.2.1. Simple iron removal without 
settling (aeration-filtration) 


e Principle 

This technique applies to raw water 
with a maximum iron level of 5 mg.” 
and which is otherwise free of other 


2. Special treatment processes 


undesirable features such as manganese, 
colour, turbidity, humic acids, etc. Slight 
ammonium content and moderate car- 
bonic agressivity can be tolerated. In cer- 
tain cases, water with an iron content of 
up to 10 mg.I can also be treated by this 
process. 


The first stage of the iron removal 
process involves the oxidation of bivalent 
iron with oxygen contained in the air. 
This aeration stage can be performed at 
atmospheric pressure, or under pressure 


Fe(OH)?* 


(see Page 877). The advantage of the sec- 
ond approach is that the process can occur 
under the mains delivery pressure, with 
no requirement for pumping. On the 
other hand, aeration at atmospheric pres- 
sure often allows for economical disposal 
of aggressive carbon dioxide, which 
requires a costly neutralizing treatment 
when present in large quantities. 


The speed at which the bivalent iron is 
oxidized by the oxygen depends on several 
factors, particularly temperature, pH, and 


Oxidation of water 


2H,,0 — 4e «= 4H*+0,” 


Oxygen release 





Reduction, 
of water 
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Figure 799. “pH versus potencial” diagram for iron (ions and precipitate) after HEM, 1961. 
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dissolved iron and oxygen contents. The 
reaction may be written as: 


4Fe’* + O, + 80H + 2H2O — 4Fe(OH); (1) 
eS 


and the kinetics expressed by Stumm and 
Lee’s equation: 


(2) 


_ diFe™) = k Fe?) (OH)? Po, 
dt 
Po, is the partial oxygen pressure and k 
is a constant function of temperature and 
the buffering power of the raw water. 
Equation (2) shows that the higher the 
pH and the closer the water is to being 
saturated with oxygen, the faster the reac- 
tion. The oxidation time determined in 
the laboratory on a synthetic water sample 
may be considerably reduced on most 
plants, due to certain catalytic effects 
resulting mainly from previous deposits. 
Certain biological phenomena, investi- 
gated hereafter, have a similar effect. On 
the other hand, oxidation of iron is 
retarded by the presence of humic acids. 
The effective size of the filter medium 
can be between 0.5 and 1 mm, with fil- 
tration rates between 5 and 15 m.h™. The 
weight of iron retained per unit of filter 
surface varies from 200 to 1000 g Fe per 
m’ of sand, depending on the circum- 
stances. In general terms, dual-media fil- 
ters (anthracite + sand) are particularly 
suitable for iron removal applications. 
Substances such as humic acids, sil- 
icates, phosphates and _ polyphosphates 
play an inhibiting role in the oxidation, 
precipitation or filtration of ferric hydrox- 
ide. The presence of silica thus leads 
to the formation of the complex 
FeSiO(OH);*, which is stable in an 
alkaline medium, whereas the oxidation 





and hydrolysis of iron necessitate an 
increase in pH. 


The above effects can be combatted by 
additional treatments: oxidation with 
potassium permanganate or ozone, coag- 
ulation with aluminium sulphate, or floc- 
culation with alginate. 


e Conditions of use 

The most common type of equipment 
is the pressurized iron removal plant 
illustrated in Figure 538, which com- 
prises: 
— an oxidation tower containing a bed of 
very hard and porous volcanic lava which 
divides the water, ensuring maximum 
contact with the air and thus a large ox- 
idation surface; 
- a filter featuring backwashing and air 
scour. The filter can be combined with 
the oxidation tower. 


Gravity units contain an atmospheric 
pressure aeration system followed by an 
open or closed filter. The latter may or 
may not feature a booster pump. 


Oxidation can also be performed with 
ozone, as at the Crissey plant (Figure 800) 
which comprises: 

— a cascade aeration system located over 
the ozonation tank where initial oxidation 
is performed by the residual ozone 
released from the ozonation tank; 

— an ozonation tank for the main iron 
oxidation process; 

— an alginate injection system to improve 
the quality of the floc; 

- a filtration system comprising a dual- 
media filter: 

e filtration rate: 7 m.h"', 

e sand: ES = 0.5 mm; depth = 0.4 m, 

e hydroanthracite: ES = 0.85 mm; depth 
= 0.5 m. 
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Off-gas ozone 
destruction furnace 


Alginate 


Ozonized air 


AERATION - OZONATION 





FILTRATION (dual-media filter) 


Figure 800. Flow sheet of the Crissey works in central France. Flow: 300 m’.h"', 


2.1.2.2. Iron removal with settling 


Settling is required between the aer- 
ation and filtration stages in the following 
cases: 


— raw water with high iron content, lead- 
ing to excessive precipitates; 


— presence of colour, turbidity, humic 
acids, chelating agents, etc. that consid- 
erably reduce the kinetics of the oxidation 
and precipitation of iron and/or require 
injections of coagulant (aluminium sul- 
phate or ferric chloride) in doses greater 
than ten grammes.m™” of commercial 
product. 


Solids contact settling processes are well 
suited to treating water under the above 
circumstances. If the raw water contains 
no oxygen, aeration must be performed 
before settling. 


2.1.2.3. Treatment combined with 
lime softening 


Lime softening, which causes the pH to 
rise, is also conducive to the removal of 
iron and manganese. Precipitation of fer- 
rous carbonate is practically total at a pH 
of 8.2, and that of ferrous hydroxide is 
practically total at a pH of 10.5 (see Fig- 
ure 801a). If the redox potential is high, 
bivalent iron in solution may be precip- 
itated in the form of Fe(OH): 


Fe’** + 3H.O — Fe(OH); + 3H* + & 
TSE 


In the case of manganese, the precip- 
itation pH is around 9.2 for carbonate, 
and 11.5 for hydroxide. 


Partial carbonate removal at a pH of 
around 8 can therefore result in total iron 
removal. In certain cases, particularly with 
catalytic carbonate removal devices, such 
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as the Gyrazur (Page 673), satisfactory re- 
moval of manganese can be achieved at 
the same pH, whereas in theory manga- 
nese removal is associated with total car- 
bonate removal at a pH of 9.5 or 10. This 
principle is applied in the Ratingen treat- 
ment plant in Germany (Figure 801b), 
which is used for partial carbonate remov- 
al, iron removal, manganese removal and 
nitrification. 


Dissolved iron 
(mole. 1!) 


2.1.3. Biological iron removal - The 
Ferazur process 


2.1.3.1. How it works 


As seen in Chapter 2, par. 1.6, numer- 
ous bacteria are capable of provoking the 
biological oxidation of iron by taking up 
iron inside or outside their sheaths. These 
bacteria are likely to develop under condi- 


Dissolved iron 





Figure 801a. Solubility of iron versus pH in water of average alkalinity. 
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WOx 
1 - Raw water inlet. 6 — Anthracite. 
2 - Ca(OH)2. 7 - Sand. 
3 - Gyrazur (carbonate removal). 8 - Filtration (dual media). 
4 — Fan (air). 9 - Ch. 
5 — Aeration. 10 - Treated water. 


Figure 801b. Flow sheet of the Ratingen works in Germany. Flow: 1000 m’.h"'. 
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tions where the physical-chemical ox- 
idation of iron is not possible, e.g.: 

- concentration of dissolved oxygen be- 
tween 0.2 and 0.5 g.m”; 

— pH: 6.3; 

- redox potential: 100 mV; 

- 1H greater than 14. 

If the rH is less than 14, the bacteria 
will not metabolize all the iron, while if it 
is greater than about 20, oxidation and 
physical-chemical precipitation compete 
with one another. Figure 802 shows the 
conditions conducive to biological iron re- 
moval. 


In reality, the boundary between phys- 
ical-chemical and biological iron removal 
is not well defined. In the physical- 
chemical zone, the presence of an inhib- 
itor can slow down the oxidation process 
and allow the biological process to become 
predominant, which is why it is often use- 


E, 
potential (mV) 


BM 6 6.5° 77 7 bale 8s 


ful to run pilot tests to identify the best 
operating conditions. 


2.1.3.2. Advantages of biological iron 


removal 


The advantages can be summarized as 
follows: 


- rapid oxidation and no need for an 
oxidation tower, with on-line injection of 
pressurized air normally being enough; 


— reagents are not normally required 
for pH correction, and flocculation; 


- high removal capacity. The iron is 
retained in very compact form, which 
means that the filter can retain up to five 
times more iron than is possible with the 
physical-chemical option; 

- high filtration rate due to the so- 
lidity of the biological floc with no detri- 
mental effect on filter life cycles. Filtration 


Physical-chemical iron removal 


Biological iron removal 
— difficult to control in this zone 


Se? tne 


Zone of stability of ferrous ion 





Figure 802. Optimal conditions for biological iron removal. 





rates Can in certain cases attain 40 or even 


50 mh"; 


— economical washing with a percent- 
age of wash water that is approximately 
five times smaller than for physical- 
chemical iron removal. In certain cases the 
filters can be washed with raw water. It is 
advisable to avoid washing filters with 


3 
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treated water containing chlorine, as this 
could partly destroy the population of 
iron-removing bacteria; 

— easier sludge treatment as the sludge 
is compact. 


2.1.3.3. Conditions of use 


A biological iron removal facility (Fig- 
ure 803) comprises: 


10 


v 
a 
a 
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Figure 803. Flow sheet of the Villermain plant in central France. Flow: 35 m’.h”'. Pressurized biological 


iron removal. 





= ae 


Figure 804. Sablons-de-Guitres treatment works in south-western France. Flow: 100 m’.h'. Pressurized 


biological iron removal. 
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— a special aeration system (1). 

Aeration may be performed either in a 
dissolving vessel for pressurized systems 
with air injection (2), or by recirculating 
part of the aerated treated water (3). If the 
water to be treated contains H)S, it is advis- 
able to employ cascade aeration. The cascade 
must be of sufficient capacity to remove the 
HS without significantly increasing the 
concentration of dissolved oxygen; 

— a Ferazur reactor (4); 
-— an additional aeration system (5) to 
increase the oxygen content to levels 
required for distribution; 
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— an unchlorinated wash water tank (6); 
— a treated water tank (7) after chlo- 
rination (8); 

- washing plant featuring either a wash 
with raw water (9) or with treated water 
(10) and an air scour blower (11). 


Gravity filtration can also be per- 

formed in gravity filters, as at the Lomé 
plant (Figure 805). 
Note: Starting up a biological iron re- 
moval plant takes longer than the phys- 
ical-chemical process and generally 
requires between 1 and 10 days. 








Figure 805. The Lomé treatment works in Togo. Flow: 2200 m’.h”', Four filters of 24.5 m° each for gravity 


biological iron removal. 


Lens 
REMOVAL 
OF MANGANESE 


2.2.1. Natural state of manganese 
Manganese is an element that is com- 


monly present in the soil. Manganese ores 
exist iN various states, usually as oxides 
and occasionally as carbonates. 

In naturally occurring water, manga- 
nese is usually present in soluble ionized 
forms (Mn** and MnOH*). Manganese 
can form complexes with any bicarbon- 
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ates, sulphates and silicates present at the 
same time, as well as with certain OM. 
Manganese present in natural water is 
often associated with iron and ammo- 
nium, but there are cases where manga- 
nese exists alone. 


manganese 


Figure 806 illustrates the redox poten- 
tial versus pH diagram for the most com- 
mon forms of manganese. 





Figure 806. Redox potential versus pH diagram of 
manganese. 


2.2.2.1. Oxidation by oxygen 


In its Mn** form, manganese is slow to 
oxidize under oxygen. Morgan proposes 
the equation: 


_ d(Mn™) = K,.(Mn’) + K(MnO>) 
dt 
where K = K’.Po,.(OH)’ 


Oxidation by oxygen does not reach 
appreciable rates unless the pH is greater 
than 9.5 (see Figure 807). The oxidation 





of Mn** by oxygen depends on the tem- 
perature; the process is five times faster at 
22°C than at 11°C. But at normal pH 
levels, the contact time is largely incom- 
patible with the requirements of an in- 
dustrial process. 


80 120 160 200 


Time (min) 


Figure 807. Removal of Mn** by oxygenation (after 
Morgan). 


The presence of manganese dioxide cat- 
alyzes the reaction. This phenomenon can 
be observed in a number of plants where, 
in time, the sand employed in filter beds 
is “manganized” by other oxidizing 
agents. 

In reality, the Mn** seems to be 
adsorbed on the MnOn:, and the slow ox- 
idation of the Mn** into MnO; can then 
continue in situ in the following reactions: 


oh fast 2+ 
Mn** + MnO, — MnO 2.Mn 


slow 
MnO>.Mn** + O, — 2MnO; 


A “manganized” sand, that is one 
which is coated with MnOz, can serve as a 
support for this reaction, but the man- 
ganization process is difficult to control. 
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In certain cases, it proves impossible to 
provoke the phenomenon even using 
potassium permanganate. 


The MnO» used as a catalyst is also 
subject to saturation and may take the 
form of the sesquioxide: 


MnO, + Mn’* + H,O — Mn20; 
+ 2H’ (1) 


The filter material can then be regener- 
ated by the action of the permanganate: 


3Mn2O;3 + 2MnO«g + H2O — 8MnO> 
+ 20H” (2) 


The overall result of reactions (1) and 
(2) 1s: 


3Mn** + 2MnOg + 2H2O — 5SMnO> 
+ 4H* 


The MnO, deposit acts as a reactor, 
but the same quantity of oxidizing agent 
is required as for reaction (3) given below. 


In practice, instead of seeking to man- 
ganize a particular filter sand, a filter ma- 
terial can be used that is composed largely 
of MnOz, which can be mixed in greater 
or smaller proportions with sand, and 
which also requires regeneration at regular 
intervals. 


2.2.2.2. Oxidation by chlorine dioxide 
The reaction is as follows: 


Mn?* + 2CIO, + 2H,0 — MnO, 
+ 20, + 2Cl + 4H* 


The amount of ClO: required to ox- 
idize 1 gramme of Mn”* is 2.5 grammes. 
Oxidation by chlorine dioxide is little 
used since it is relatively slow and accept- 


able rates can only be achieved by greatly 
exceeding the stoichiometric amounts 1n 
view of the OM present in the water. This 
OM consumes part of the injected chlo- 
rine dioxide and reduces the ClO2 into 
chlorite ions (ClO2), which are undesir- 
able in treated water. 


2.2.2.3. Oxidation by potassium _per- 
manganate 


Oxidation-reduction occurs between 
the manganous manganese and the per- 
manganate: 


3Mn** + 2MnO¢ + 2H2O > 5SMnO> 
+ 4H* (3) 


The theoretical proportion is 1.9 
grammes of KMnOx, for 1 gramme of 
Mn, but in practice this value varies with 
the pH and the composition of the water. 
In actual fact, part of the permanganate 
participates in the oxidation of some of 
the reducing OM in the water. It is also 
indispensable to carefully check the dos- 
age used, as an excess of KMnQOg gives the 
water a pinkish colour, which later turns 
yellow in the water mains. 


If the manganese is not chelated the 
optimal pH is around 7.2 - 7.3, with a 
contact time of less than five minutes. 
When the manganese is combined with 
OM, the reaction time may increase to 20 
minutes, in which case the pH can be 
adjusted to above 8.5 to accelerate the te- 
action. 


Figure 808 illustrates the process for 
treating coloured, soft surface water con- 
taining large quantities of OM, requiring 
complete clarification with coagulation- 
flocculation and settling. Such waters 
occur in the granitic regions of the Paleo- 
zoic massifs, for example. 





Coagulant 


Pulsator clarifier 
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adjustment 


Aquazur filter 


Disinfection 


Figure 808. Flow sheet of manganese removal process for soft, coloured surface water containing organic 


Matter. 
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Figure 809. Treatment works in the Basse Vallée de l’Oust in western France. Flow: 400 m’.h’. Two 
80 m° Pulsacor clarifiers and four 21 m’ Aquazur filters. 


These waters may also require reminer- 
alization (see Page 1226). 


2.2.2.4. Oxidation with ozone 


Oxidation of the manganous Mn” ion 
by ozone is a rapid process. The reaction is 
as follows: 

Mn** + O3 + HO —~ MnO + O2 
Eb 

The quantity of ozone required to ox- 

idize 1 gramme of Mn”" is 0.9 grammes. 


The ozone dosage introduced must result 
only in oxidation of the Mn** into MnO). 
(If excess ozone is added, the MnQ, 1s ox- 
idized into MnO., giving the treated 
water a pinkish colour.) 

The Jonchay treatment plant in France 
uses this principle (Figure 810). 

When the manganese is complexed 
with OM and requires complete clar- 
ification with coagulation-flocculation and 
settling, ozone cannot be used as a preoxi- 
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Filtration Disinfection 


Figure 810. Flow sheet of the Jonchay facility in France. Flow: 600 m’.h’. Manganese removal plant. 


dizing agent for manganese. The ozone 
oxidizes the manganese only after de- 
stroying the organomanganous complex, 
which leads to excessive and costly ozone 
consumption, and the stabilization of the 
colloids making coagulation and floccula- 
tion difficult. Ozone must only be used to 
enhance settling and remove organic mat- 
ter in low dosages and for short contact 
times. Manganese may then be removed 
in two ways: either by KMnQO«g before set- 
tling (as shown in Figure 808), or by the 
ozonation of the settled water, in which 
case the precipitated MnO; is removed by 
the filters. 


2.2.3. Biological removal of manga- 
nese. The Mangazur process 
2.2.3.1. How it works 

Manganese can be biologically oxidized 


by numerous bacteria (see Page 29) in an 
aerobic environment. 


Certain bacteria cause oxidation of 
Mn** by indirect means, such as an 
increase in pH associated with their 
growth. This increase in pH in the vicin- 
ity of the bacteria causes the Mn** to be 
oxidized by oxygen at an appreciable rate. 
For other bacteria, oxidation is due to the 
action of an intercellular enzyme. Finally, 
with other bacteria, the soluble manga- 
nese starts to be adsorbed onto the surface 
of the cellular membrane and is then ox- 
idized by the enzyme effect. The manga- 
nese then concentrates into a sheath sur- 
rounding a cell or a group of cells. 


The development of these bacteria 
requires an environment with an Ey 
above 400 mV. Furthermore, if this 
potential drops significantly, certain bac- 
teria are capable of dissolving the manga- 
nese they previously acquired thus trans- 
forming the MnO) into Mn”*, 


It has been demonstrated that the pres- 
ence of easily assimilated OM encourages 
the metabolism of certain of the bacteria 
types mentioned above. 
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2.2.3.2. Advantages of biological man- 
ganese removal 


— Reagents: the only reagent required 
under normal conditions is the aeration 
air. Nevertheless, an oxidizing agent, 
usually potassium permanganate, may be 
necessary during the startup period. 


- Aeration: the contact time is short for 
most waters, and corresponds to the time 
required to raise the redox potential. Aer- 
ation can also be performed on line (un- 
der pressure) or in cascades (gravity). 

— Filtration rate: as with biological iron 
removal, the solidity of the biological floc 
makes for high filtration rates, which in 
certain cases may reach 30 or 40 m.h", 
but using filter materials with a larger 
effective size (1.35 mm) than in the 
physical-chemical manganese removal 
process. 

— Washing can be done with raw water 
or with unchlorinated treated water. 


— Sludge is easily dewatered. 


Air 
l 4 Mangazur reactors 


(R = 31 mh) 









lle de la Motte aquifer 
(eastern arm of Rhéne River) 


-——> Distribution "i m 
TW reservoir tl 
Centrifuge 


Water treatment 





2.2.3.3. Conditions of use 


The Mangazur process is employed at 
the Sorgues treatment facility in France 
(Figure 811). 

The bacteria for biological manganese 
removal develop more slowly than the 
bacteria for biological iron removal. Plant 
startup is therefore much longer taking 
up to three months. 





2.2.3.4. Simultaneous biological _re- 
moval of iron and manganese 

As we have seen, the required redox- 
potential conditions for the development 
of bacteria for iron removal and manga- 
nese removal are very different. Where 
iron and manganese are both present in 
well water, two filtration stages are often 
required, as is the case at the Mommen- 
heim plant illustrated in Figure 813. Bio- 
logical iron removal is performed under 
pressure, while biological manganese re- 
moval takes place by gravity. Injections of 
permanganate were made to start up the 
plant and stimulate seeding. 


Thickener 
7m dia. 


Polymer 






Treatment of dirty washwater 


Figure 811. Flow sheet of the Sorgues plant in southern France. Flow: 1200 m’.h™'. Manganese removal. 
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1216 ; 
Figure 812. The Sorgues treatment plant in southern France. Flow: 1200 m’.h”'. View of Mangazur reac- 


tors used for biological manganese removal. 


oun Mange rreactors 
Denar Tea tore 4 Mangazur reactors 


(R = 35-40 m.h') Disinfection 


Iron removal Man ganese removal 





Figure 813. Flow sheet of the Mommenheim treatment plant in eastern France. Flow: 500 m’.h”', up- 
gradable to 650 m’.h'. Biological removal of iron and manganese. 
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pee 
REMOVAL 
OF AMMONIUM 


Ammonium can be removed from 
water by either physical-chemical or bio- 
logical processes. 


2.3.1. Physical-chemical processes 


On Page 253, we looked at the effect 

of chlorine on ammonium, which is 
removed when the chlorine dosage is 
above the breakpoint. Under these condi- 
tions, various other products (organo- 
chlorinated compounds, haloforms, etc.) 
may appear that are undesirable in drink- 
ing water (see Page 44). Therefore, this 
technique is only suitable if the quantity 
of precursors in the water is very low, i.e.: 
— in waters with a low OM content; 
— towards the end of the treatment line, af- 
ter the water has been clarified and refined. 
This observation is particularly true where 
the shortcomings of biological ammonium 
removal need to be remedied (e.g., when 
the water is cold). The Morsang plant (Fig- 
ure 786) is one example of this technique 
that uses a plug flow polished water tank at 
the end of the treatment line. 

Other oxidizing agents (ozone, ClO2, 
chloramines, KMnOs) are not effective in 
the removal of ammonium. 

Ion exchange: clinoptilolite, a natural 
zeolite, has occasionally been recom- 
mended to remove ammonium, but the 
price is prohibitive. 


2.3.2. Biological removal 


of ammonium 
2.3.2.1. Conditions of use 


The conditions required for the devel- 


opment of the bacteria that biologically 
oxidize ammonium into nitrite then 
nitrate are laid out in Chapter 4, Page 
299, and stipulate the following: 

— a sufficient amount of oxygen to ox- 
idize the NHg into NO;; 

— addition or presence of phosphorus to 
support bacterial growth; 

- a sufficient concentration of hydrogen 
carbonates to supply the autotrophic bac- 
teria with the carbon necessary for their 
development; 

- a suitable pH (> 7.5); 

— a support material; 

- a sufficiently high temperature: below 
10°C, the metabolism of the bacteria 
decreases rapidly, and oxidation of the 
ammonium slows down substantially 
(accompanied by production of nitrites) 
and stops completely below 4°C; 

— absence of all residual disinfectant. 


Actual conditions of use vary essentially 
according to the type of support used to 
grow the bacteria and the direction in 
which the water to be treated percolates 
through this support. 


2.3.2.2. Pozzuolana filters 


In most countries, pozzuolana is cheap. 
A large ES is used (> 1 cm). During op- 
eration, head loss is only slight, but at the 
same time it is practically impossible to 
wash the material inside the filter once 
clogging reaches a level incompatible with 
correct operation of the nitrification unit. 
Two methods are used to wash the filters: 
— either regular maceration with chlo- 
rinated water to limit development of 
bacteria and accumulation of biological 
sludge. The material is then rinsed with 
raw water, and the treated water is dis- 
charged into the sewer for as long as it 
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takes to start up the reactions of nitrite 
and nitrate production, 


- alternatively, every two or three years 
the material is extracted from the nitrify- 
ing filter for more effective washing, to 
prevent compaction of the beds. Although 
biological nitrification lowers pH, the aer- 
ation required for the biological reaction 
removes CO2, hence increasing the pH. 
The treated water would then produce 


8 Nitrazur N reactors 


(53 m? per unit) 


Preozonation Nitrification 





Ozonation 


scaling in the form of a calcareous deposit 
on the surface of the pozzuolana. The 
technique is therefore labour-intensive. 


2.3.2.3. Biolite filters 


This technique was developed by 
Degrémont, who have put it to good 
effect in the Nitrazur N reactor (see Page 
740), which is used in the Louveciennes 
treatment plant near Paris. 


24 Médiazur filters 
(40 m? per unit) 


O.: (LS: ga) 


3 
GAC filtration Disinfection 


Figure 814. Flow sheet of the Louveciennes plant near Paris (France). 





Figure 815. General view of the Louveciennes treatment plant near Paris (France). Flow: 5000 m?.h7. 
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The plant, which treats water from the 
Croissy aquifer, is designed to remove 
5 g.m° of ammonium. The plant com- 
prises: 


ea raw water storage facility with a 
volume of 600,000 m°, which is enough 
for five days operation at maximum rate; 


epreozonation with a maximum 
treatment rate of 0.5 g.m™ for a contact 
time of three minutes. The preozonation 
aerates the water, thus increasing the dis- 
solved oxygen level from 0 to 8 g.m™, and 
“oxidizes the iron and manganese; 


e biological nitrification comprising: 
8 nitrifying filters (Nitrazur N) (Figures 
814 and 815): 

length: 10.5 m, 

width: 5 m, 

surface area: 52.5 m’, 

total surface area: 420 m’. 

— downflow of air and water flowing in 
countercurrent; 





- Biolite L filter material in 2 m deep 
layers; 

— nitrification air: the air/water ratio can 
vaty between 0.5 and 1; 

— phosphoric acid can be injected in dos- 
ages of up to 0.2 g.m” to allow the nitri- 
fying bacteria to develop; 


e acidification; 


e ozonation. This stage of the treatment 
is designed to improve the organoleptic 
qualities of the water, to deactivate 
viruses, and to oxidize organic pollutants 
for biological removal during passage over 


the GAC; 


e GAC filtration, comprising: 
— 24 Médiazur filters: 

surface area: 40 m’, 

total surface area: 960 m’, 
filtration rate: 5.3 m?/h.m* 
layer depth = 0.9 m. 


e chlorine dioxide disinfection. 
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Figure 816. The Le Pecq treatment plant near Paris for LE-Dumez. Flow: 5000 m’.h"'. View of Nitrazur 


nitrifying filters. 
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2.3.3. Biological treatment of water 
containing ammonium and iron or 
manganese 


Water obtained from great depths or 
from certain eutrophic reserves will often 
contain ammonium and iron or manga- 
nese as well as organic matter. It is use- 
ful to remember a few important guide- 
lines: 

- at each stage of treatment, it is neces- 
sary to check that the available quantity 
of dissolved oxygen, as well as the redox 
potential of the medium, correspond to 
the requirements for each particular ele- 
ment; 

- where Fe and NHsg are present 
together, the ammonium can often only 


be oxidized after the iron has been 


removed; 

- where NH, and Mn are present 
together and the level of NHs is too 
high, the redox potential of the filter 
medium may descend to a level where 
manganese can no longer be removed, in 
which case, two-stage treatment has to 
be considered; 


— manganese is the element removed last, 
after the iron and then the ammonium. 


Note: Where a surface water intended for 
drinking requires complete clarification 
including polishing, a certain degree of 
nitrification may be observed at several 
treatment stages, such as raw water stor- 
age, sludge beds in settling tanks, sand fil- 
ters, or GAC filters. 





2.4. 
REMOVAL 
OF NITRATES 


Nitrates may be removed by physical- 
chemical or biological means. 


2.4.1. Physical-chemical means. 
The Azurion process 


Reverse osmosis, electrodialysis, and 
ion exchange can be used to remove 
nitrates. 

Reverse osmosis has often been em- 
ployed for other purposes, and the process 
is explained in detail in Chapter 15. To 
date, 10n exchange is the only process to 
have been used on an industrial scale, and 
it is the only one elaborated hereafter. 


The removal of nitrates by ion ex- 
change in the production of water for gen- 
eral consumption was authorized in 
France by a government decree on July 
24, 1985. The authorized resins were 
indicated in a decree dated July 23, 1985, 
Before any project is undertaken, the local 
legislation must first be verified. 


2.4.1.1. Basic conditions 


The use of ion exchangers should be 
examined according to several parameters: 
— the SS levels in the water to be treated 
should be lower than 1 mgl', otherwise 
the retained SS lead to significant loss of 
head, frequent washing, and premature 
wear of the resin; 

- the ionic composition of the water: 
apart from NOs ions, ion exchange 
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retains SO,” ions and some of the HCO" 
ions, and replaces them with CI ions 
when the resin is regenerated by sodium 
chloride. The concentration of Cl ions in 
the treated water may consequently be 
excessive. Certain resins combat this 
problem by retaining mostly nitrates, but 
their exchange capacity is lower. HCO’; 
1on exchange may offer a solution, but the 
technique is both costly and delicate; 


— removal of the regeneration eluates, 
which contain all the sulphates and 
nitrates from the raw water prior to treat- 
ment, plus part of the bicarbonate ions, 
and a high proportion of the sodium chlo- 
ride used for regeneration. It is essential to 
provide a discharge channel for these 
eluates; 


— influence of temperature: the advan- 
tage of ion exchange is that it can be used 
irrespective of the temperature of the 
water to be treated. 
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Figure 817. Flow sheet of the nitrification line in the Rest treatmenc plant in Plouénan in Brittany 


(France). Flow: 600 mh", 


Nitrate removal 


2.4.1.2. Conditions of use 


The Azurion nitrate removal technique 
is employed at the Rest treatment works 
at Plouénan in western France, which 
treats surface water. The flow sheet is giv- 
en in Figure 817. 


During the dry season, eluates are 
stored in a lagoon, whence they are 
pumped to the river for dilution during 
the rainy season. 


Ion exchange proper at the Rest plant 
works by countercurrent regeneration 
with a drained layer (air blocking), al- 
though other methods do exist (see Page 
805). 


2.4.2, Biological processes 


2.4.2.1. Conditions 


These techniques use attached bacteria. 
Tests have been conducted with auto- 
trophic bacteria, which can be grown 
using hydrogen as in the example below: 


Ozonation Disinfection 
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Figure 818. The Kernilis plant in western France. Flow: 500 m’.h', 3 X 2.5 m diameter Azurion ex- 
changers. 


2NOQ 3+ 5H2 > 4H,O + N2 + 20H” 
or on a sulphur-enriched support: 


5S + 6NO’3 + 2H2O — 3N2 + 5SO4* + 
4H* 


Results have shown that these bacteria 
have very slow kinetics. The required con- 
tact times are high and the percolation 
rates achieved are low (0.5 to 1 m.h'), 
These techniques are therefore difficult to 
apply on an industrial scale. 


The use of heterotrophic bacteria is 
the most common technique. The bacte- 
ria obtain their energy from a carbo- 
naceous nutrient in the following reac- 
tions: 


With ethanol: 


12NO%>3 + SC,H50H — 6N>? + 10CO? 
+ 9H:O + 120H™ 


With acetic acid: 


8NO™3 + 5SCH3COOH — 4N2 + 10CO2 
+ 6H,0 + 80H” 


The salient features of this process are: 
— transformation of nitrates into gaseous 
nitrogen; 
— sludge (excess biomass) can be treated 
with municipal sludge; 
— little effect on the carbonate balance of 
the water; 
— sensitive to temperature and difficult to 
implement if the temperature drops 
below 7 or 8°C; 
— initial startup requires about one 
month. 


Some processes attempt to remove the 
nitrate in the ground, a process that 
sometimes occurs naturally in certain 
aquifers. However, such processes are dif- 





ficult to control and it is always preferable 
to conduct biological nitrate removal 
above ground, in a specially designed 
plant. 


2.4.2.2. Type of installation - The 
Nitrazur D process 


The process is illustrated in Figure 819. 
Flow in the Nitrazur D reactor (see 
Page 741) is upflow and cocurrent with 
the nitrogen released, thereby reducing 
problems associated with gas binding 
caused by the nitrogen. The installation 
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can operate with both acetic acid or etha- 
nol nutrients, depending on economic 
conditions. Nevertheless, ethanol rather 
than acetic acid must be used if the 
water is only slightly mineralized (to 
avoid a large drop in pH). Apart from its 
filtration effect, the activated carbon also 
acts as a polishing agent that biologically 
removes the residual carbon nutrient. 
The reactor is washed with non-chlo- 
rinated water. Chlorine used for disin- 
fection is introduced in a second storage 
tank. 





7 - Phosphorous reagent (POY. 

8 - Carbonaceous reagent. 

9 - Coagulant (FeCl). 

10 - Non-chlorinated treated water storage. 
11 - Chlorinated treated water storage. 

12 - Air scour. 


1 — Raw water (NO; ). 

2 - Nitrazur D biological reactor . 
3 - Aeration. 

4 - GAC Meédiazur filter. 

5 - Wash water outlets. 

6 — Chlorine. 


Figure 819. Treatment line of the Nitrazur D process. 
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Figure 820. Chateau-Landon treatment works in the Paris region, France. Flow: 50 m’.h™'. Biological 
1224 nitrate removal for drinking water supply. 


2.4.3. Advantages of different nitrate removal techniques 








Biological nitrate _ Nitrate removal — 
removal (Nitrazur) by ion exchange (Azurion) 
Operating cost Approximately the same. Requires case-by-case study (for salinity, concen- 
tration). 
Eluates No eluates. NO; transformed into | Presence of concentrated, salty 
No. Biological sludge. eluates. NO3 only displaced. 
Carbonate balance Little effect. Great effect. 





Renders water more aggressive. 


Automation More complex. Easy. 


Salinity of raw water Little effect. Cannot be used if too many chlo- 
rides and sulphates in the water. 


SS content of raw water - Very sensitive to amount of SS in 
input water. 


Temperature Treatment impossible if too low. Little effect. 





Operation Requires careful monitoring. Very stable operation. 

















705 

MODIFYING 

THE CARBONATE 
BALANCE 


The purpose of this process is two-fold: 
on the one hand to establish the carbonate 
balance of the water (pH = pHs), ie., 
neutralization, and, on the other, to en- 
able the formation of a protective calcium 
and iron carbonate layer in slightly miner- 
alized waters, i.e., remineralization. This 
process can also reduce the quantity of 
hydrogen carbonate (lime softening) or 
calcium (softening). The principles 
behind these processes are detailed in 
Chapter 3 (Page 261). 


2.5.1. Neutralization 


In numerous plants, lime is injected to 
correct the flocculation pH and the final 
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pH. The Yaoundé plant (Figure 821) 
uses the following treatment line: 

— Coagulation with aluminium sulphate. 
- Correction of flocculation pH using 
milk of lime. 

- Injection of a flocculant aid. 

— Injection of CuSO, (anti-algae treat- 
ment). 

- Settling: three Pulsator clarifiers (25 m 
xX 23.4 m). 

~ Filtration: six Aquazur V filters (77 m/). 
- Correction of final pH by addition of 
lime water. 

— Disinfection with chloramine (chlorine 
+ ammonium sulphate). 

Aggressive CO? can also be neutralized 
by filtration through a neutralizing 
agent. 

These granular products are most often 
used in closed pressure filters. Gravity fil- 
ters may sometimes be used when the 
pressure head is high enough to avoid the 
need for pumping. 





Figure 821. Yaoundé treatment plant (Cameroon). Flow: 4200 m’.h'. Clarification with pH correction. 
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Filtration is theoretically possible in 
both directions. With downflow through 
a neutralizing agent, which also acts as a 
mechanical filter, the filter material tends 
to settle and is prone to clogging, the 
severity of which depends on the quality 
of the water being treated. Backwashing is 
therefore required. 


Where upward percolation is used, 
decompaction and washing are not nor- 
mally required. Nevertheless, this method 
should only be applied to waters free of 
So: 


The maximum permissible bed volume 
depends on the type of material used, its 
grain size, the quantity of CO2, the initial 
alkalinity, and the temperature of the 
water being neutralized. In practice, load 
varies between 2 and 10 vol/vol.h. 


Since the neutralizing agent is also con- 
sumed, it is mecessary to periodically 
reload the filters to make up for losses. 
Filters are usually reloaded when 20 per- 
cent of the initial charge has been con- 
sumed, 


Lime (3 silos x 250 m*) 


2.5.2. Remineralization 


Remineralization is applied to waters 
that are naturally very soft, or following 
desalination, by reverse osmosis for 
instance. Remineralization has therefore 
traditionally been located at the end of the 
treatment line. 

Figure 822 illustrates the treatment 
line at the Lisbon-Asseiceira plant (Portu- 
gal), which receives dam water. The water 
has a TH of 0.9 Fr. deg., M alk. of 0.7 Fr. 
deg. and a pH of 7.1. These values show 
that it is impossible to obtain a protective 
coat to guard against corrosion. 

The plant delivers water with a final M 
alk. between 5 and 8 Fr. deg. 

Remineralization can also be used to 
good effect before coagulation-floccula- 
tion-settling, the water thereby being buf- 
fered to the maximum. Consequently, the 
clarification process is more regular and 
flexible. The inevitable inaccuracy of the 
feed systems thus has less effect than is 
the case with unbuffered raw water. Im- 
purities in the lime also give a better and 


Prechlorination 


Aluminium sulphate (1 silo x 250 m®°) 


Polymer (2 tanks x 9 m*) 


CO, storage 


16 Médiazur V filters 


(140 m2 each) Safety chlorination 


dual-mecdia (sand + anthracite) 


4x 50t tanks 





Figure 822. The Lisbon-Asseiceita treatment plant (Portugal). Rated flow: 375 000 m’.d'. Maximum 
flow: 500 000 m’.d"'. Remineralization by injection of CO> and lime. 





mechanically stronger floc. It is also pos- 
sible to use lime water, especially prior to 
flotation. This technique is now in regular 
use, the Concarneau plant (Figure 823) 
being an example. 

Finally, settled water can also be 
remineralized, in which case, coagulation- 
flocculation-settling are performed at an 
acidic pH for optimal removal of certain 
OM. After remineralization, the water is 


Coagulant 


Flocculator 


Ozone § 
5 IU elo 


ms 0.8 gm? 


Preozonation 
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Flotation 





polished using ozone and/or GAC under 
conditions that are more conducive to ox- 
idation by ozone and the removal of any 
residual manganese still present at this 
stage of treatment. 

Other remineralization methods are 
possible, including injection of CO and 
filtration on a neutralizing agent, as used 
in the Epinal plant (Figure 128, Page 
275); 


5 Aquazur filters 
(18 m? each) 


eenerator 


Filtration Ozonation 


Figure 823. Flow sheet of the Concarneau treatment plant in western France. Flow: 550 m’.h"'. Initial 


remineralization with preozonation. 


227, 





Figure 824. Treatment plant for the Syndicat de Pont-Aven in Brittany, France. Flow 400 mh". Initial 
remineralization with milk of lime and CO2. View of preozonation plant. 
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2.5.3. Softening - 
Lime softening 


2.5.3.1. Lime softening 


When the TH of the water is high and 
is accompanied by a high M alk., lime 
softening can be performed. 

It can take place either: 

- catalytically, in a Gyrazur unit, if clar- 
ification is not necessary and the magne- 
sium content is low; 

- ot by settling in all other cases. 

The clarifying reagent used is ferric 
chloride. At the treatment pH, alumin- 
ium sulphate would lead to solubilizing of 
aluminium, which might subsequently 
reflocculate. 

Therefore, when treating drinking 
water, it is necessary: 

- either, to remove all the carbonates 
from part of the flow only and mix it with 
the rest, which may also have to be clar- 


ified; 


GYRAZUR 


Air Filtration 


Nitrification 


Figure 825. Flow sheet of the Villeneuve-La-Garenne treatment plant 


1800 m?.h", 


Lime softening 





— or, to remove part of the carbonates 
from the water while it is being clarified. 
This option requires lower settling rates 
corresponding to the proportion of car- 
bonates removed. Furthermore, the pH 
may be too high and require correction. 

In waters with a high permanent hard- 
ness, lime-soda softening can be applied 
to establish the minimum M alk., then 
precipitate the calcium from the sulphates 
and chlorides, thereby continuing the sof- 
tening process. The M alk. should be re- 
stored to a certain degree by mixing with 
a fraction of non-lime-softened water, so 
that the final drinking water has a pleas- 
ant taste. 

A Gyrazur unit is used to partially sof- 
ten the water in the Villeneuve-La- 
Garenne plant. The plant (Figure 825) 
treats water from a deep underground 
source, with a TH of between 32 and 73 
Fr. deg. and M alk. of between 29 and 44 
Fr. deg. The water also contains a lot of 
ammonium. 


4 dual-media filters 


(51 m? each) 


Filtration Disinfection 


near Paris, France. Flow: 
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After nitrification, the raw water is 
pumped into a Gyrazur reactor, where 
lime is injected at the rate required to 
obtain a final TH of 30 Fr. deg. The 
water then receives a small quantity of 
FeCl3, to ensure that any colloidal parti- 
cles or SS escaping from the reactor will 
be retained on the filters. Dual-media fil- 
tration gives the best results in this treat- 
ment line. The water is then ozonated. 
Treatment is completed by chlorination 
before distribution. 


2.5.3.2. Softening with resins 


It is essential to consult local legislation 
to check which resins can be used for sof- 


tening purposes. Cation resins exchange 
their Na* ions for the Ca** and Mg”* ions 
in the water. The M alk. and the SO.” 
and Cl contents of the water are not 
affected. 

The resulting water has nil hardness, is 
corrosive, and is unpleasant to drink. A 
certain level of residual hardness (8 to 15 
Fr. deg.) must be maintained by softening 
only part of the flow, which is then mixed 
with the rest of the water. 

The advantage of this method of sof- 
tening is that it leaves no solid waste and 
can be carried out under pressure. High- 
volume flows can easily be treated in con- 
tinuous-operation ion exchangers using 
the CIE-Degrémont process. 





2.6: 
FLUORIDATION AND 
FLUORIDE REMOVAL 


The term “fluoridation” is preferable to 
“fluorination” since, unlike chlorine, the 
fluorine is added in its fluoride form. By 
analogy, the term “fluoride removal” also 
will be used. 

It is generally considered that a small 
quantity of fluorine in drinking water 
(0.4 to 1 mg.I') promotes the formation 
of dental enamel and protects teeth 
against caries. On the other hand, too 
much fluorine leads to the destruction of 
the enamel and causes a number of 
endemic conditions referred to collectively 
as “fluorosis”: dental malformation, 
stained enamel, decalcification, mineral- 
ization of tendons, digestive and nervous 
disorders, etc. These conditions occur in 
different people at very different levels of 


fluorine content. Water containing more 
than 1 to 1.5 mg.’ F must be rejected 
or treated. 


Depending on circumstances, it may be 
necessary either to add this element artifi- 
cially or to remove it. 


2.6.1. Fluoridation 


This treatment has the approval of the 
WHO and is practiced mainly in the 
United States. A few isolated cases are 
also quoted in Europe, Australia, South 
America, etc. However, this process is not 
yet generally applied because it is not free 
from risk, and has aroused some opposi- 
tion. The following products may be used: 
— sodium hexafluorosilicate - Na2SiFs - 
the most common, 


— hexafluorosilicic acid — H2SiFs - or one 
of its salts, 


-— sodium fluoride — NaF. 
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The choice will be made according to 
the total quantity to be distributed, and 
local economic conditions. 


While allowing for any fluctuations in 
the original fluorine content - if any - 
in the raw water, the treatment should 
be adjusted to give a fluorine content of 
between 0.4 and 1 mg.J', depending on 
the climate of the country concerned. 


Every precaution should be taken to 
protect plant personnel and to avoid 
accidental overdosing. 


2.6.2. Removal of fluorine 


Certain natural waters contain up to 
10 mg of fluorine. This figure needs 
to be reduced to about 1 mg.I"' with the 
permissible content falling as the mean 
annual temperature rises. The following 
processes may be used: 


e Tricalctum phosphate 

The affinity of fluorine for this sub- 
stance has long been known, because 
natural phosphates, such as apatites and 
phosphorites, always contain a substan- 
tial amount of fluorine (two to five per- 
cent), and the same applies to bones. 
The following substances can be used: 
- either natural products obtained 
mainly from cattle bones, such as bone 
ash (“animal black”) or powdered bone; 
- ot synthetic apatite, which can be 
produced in water by carefully controlled 
mixing of lime and phosphoric acid. 


e Alumina 

Aluminium sulphate can be used, but 
a vety large dosage is required, ranging 
from 150 to 1000 g.m™, according to 
the circumstances. Water treated in this 


way may contain a large amount of dis- 
solved aluminium, which needs to be 
reflocculated when the pH is adjusted. 

. Activated alumina has already been 
successfully used as a filter material, 
which can be regenerated by aluminium 
sulphate or by caustic soda and sul- 
phuric acid. The removal capacity may 
vary from 0.3 to 4.5 g of F ions per 
litre of product in line with the initial 
fluorine content of the raw water and 
the operating conditions. 


e Lime softening of water 

This method can be used provided 
the water has a sufficient magnesium 
content, since it is the magnesia which 
adsorbs the fluorine. Otherwise the 
water must be considerably enriched 
with magnesium by adding magnesium 
sulphate or using dolomitic lime. About 
50 mgt" of magnesium are required to 
remove 1 mg.l” of fluorine. 


e Other processes 

If the fluoride ion is to be removed 
from the water at the same time as any 
excess minerals, reverse osmosis offers 
the best solution to the problem. Elec- 
trochemical processes are also available 
that use aluminium anodes, although no 
major industrial applications of this 
method currently exist. 


In any case, preliminary, and prefer- 
ably on-the-spot, testing and economic 
surveys will be needed to determine the 
most suitable form of treatment. 


To sum up, fluoride removal requires 
either a settling or a filtration stage. Fil- 
tration is the more common industrial 
solution to date, with activated alumina 
being the most frequent filter medium. 
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eT: 


OTHER 
PARAMETERS 


2.7.1. Removal of sulphates 
and chlorides 


Large volumes of sea water or brackish 
water are usually desalinated by flash dis- 
tillation. In the case of small or medium 
flow rates, membrane desalination is the 

‘simplest solution with two possible proc- 
esses: 


e Electrodialysis (see Page 219) is a 
process suitable for water which is only 
slightly brackish, since the flow capacity 
of the membranes falls as the salinity of 
the water to be treated increases. It is only 
economical for water with a salinity of less 
than 3 gl", which is reduced to 0.5 g.l". 
The lower the salinity of the water, the 
greater the amount of current sed, due 
to the increased resistivity of demin- 
eralized water. As a result, this method is 
of little use for water with a mineral con- 
tent of less than 0.5 gl”. 


The electrodialysis process is appropti- 
ate for daily flows of up to several thou- 
sand cubic metres. 


e Reverse osmosis. The salinity of the 
treated water is a good deal lower than 
that obtained by dialysis. The range of 
salinity levels acceptable in the raw water 
is much wider (see Page 835). 


Anion exchange resins of the type used 
for nitrate removal (Page 1220) can also 
be used to remove sulphates. 





2.7.2. Arsenic 

First, it is necessary to oxidize the 
As(III) into As(V), by chlorination for 
instance, making absolutely sure that all 
the arsenic is actually oxidized. The Fe** 
and Mn" ions affect the oxidation kinet- 
ics. Organic carbon has the same disad- 
vantage. 


The following step is either: 
— coagulation-flocculation with an iron or 
aluminium salt at pH 7, 
- or lime softening, making sure that all 
the magnesia precipitated with the arsenic 
is removed, 
- of adsorption on activated alumina, as 
for fluoride removal. 


In any case, pilot studies should be 
made to identify the most economical 
process. 


2.7.3. Heavy metals 


The presence of heavy metals is usually 
detected when the raw water contains 
other pollutants and requires a complete 
clarification-filtration treatment. 


e Effect of coagulation-floccula- 
tion-settling 

Coagulation with aluminium and iron 
salts effectively removes silver, lead and 
copper. Vanadium and mercury content is 
lowered by around 50%. Zinc and nickel 
contents are greatly reduced in the pres- 
ence of chlorine. Cobalt and chromium 
(VI) are not reduced at all. 

Usual dosages of PAC (20 g.m’’) have 
very little effect on the removal of heavy 
metals. 


e Sand filters 

Where the above stage brings about 
effective reduction, filtering on sand prac- 
tically removes silver, mercury, copper, 
lead and chromium (III). On the other 
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hand, chromium (VJ), cadmium and 
cobalt are virtually unaffected. 


e Filtration on GAC (2nd stage) 
Filtration on granular activated carbon 
sufficiently reduces undesirable or toxic 
ions. Silver and mercury are completely 
removed, and the contents of lead, copper, 
etc. are brought below the guide levels. 


e Effects of prechlorination 

When used in conjunction with coag- 
ulation-settling, sand filtration, and fil- 
tration on GAC, chlorination improves 
heavy metal removal, particularly if the 
chlorine dosage is slightly above the 
breakpoint. 


28. 
DESTRUCTION 
OF ALGAE 

AND PLANKTON 


It is important both to destroy any 
algae present in the raw water, and to pre- 
vent development of algae in the various 
parts of the treatment plant. 


e Microstraining 

The water can be filtered through a 
microstrainer, particularly if it contains 
algae only, and is not excessively turbid or 


coloured nor contains a large amount of 


OM. 

The cloth mesh void must be suited to 
the species to be removed and is usually 
smaller than 40 [um. 

Microstraining is particularly effective 
for certain types of green algae, diatoms, 
and Cyanophyceae. The removal rate does 
not normally exceed 50%, and the treat- 


2.7.4. Radioactivity 


Specific coagulation, flocculation or 
carbonate removal processes are effective 
means of removing radioactivity due to 
colloids (essentially B), or radium or ura- 
nium 235. Filtration on a precoat of ben- 
tonite or clay is also very effective. 

Soluble compounds can also be 
removed by ion exchange; cation resins for 
metals, and anion resins for ''I”. To be 
effective, treatment using resin must pro- 
vide for total demineralization and must 
be designed to take account of the total 
salinity of the water. 

Filtration on activated carbon removes 


: : : 131 
certain radioactive elements such as '*'J, 
1 0) 

Cr, Co and 'W. 


ment rate in terms of coagulant is vir- 
tually unaffected. Microstraining is gener- 
ally of no use before a complete clar- 
ification treatment. 


e Oxidation 

All the disinfection oxidizing agents 
(Cl, ClO2 and O3) destroy plankton pro- 
vided a sufficient residual content is 
maintained for a given length of time, 
which varies from species to species. How- 
ever, mechanical means of removal, such 
as flotation, settling or filtration, are 
required to remove dead organisms. 


e Complete treatment 

If as much plankton as possible is to be 
removed, preoxidation must be com- 
bined with coagulation to kill organisms 
or prevent their activity in the sand of fil- 
ter beds: 
— either coagulation on a sand filter if the 
water does not contain too much plank- 
ton and SS. The frequency of washes 
depends on the type, the dimensions 
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and the quantity of the various forms of 
plankton. The filtration rate depends on 
the permissible frequency of washing 
and the automated filter control sys- 
tems. If the water contains plankton, 
care is required in selecting the filtration 
rate, 

- or coagulation-flocculation-settling (or 
flotation) followed by filtration. Coag- 
ulation must be adjusted to cancel the 
zeta potential. If prechlorination is pos- 
sible at breakpoint, 98 to 99% of the 
plankton will be removed in the settled 
water. Otherwise, faced with the risk of 
THM, preozonation will achieve similar 
results. In filtered water, the residual con- 
tent is often below 10 algae per ml, with a 
maximum of 100. 


e Limiting the development of 
algae within the treatment plant 
Algae develop most abundantly under 
the effect of sunlight, in open tanks, set- 
tling tanks, and reservoirs. Free carbonic 
acid is essential for their development, 





which can be limited by chlorination 
wherever possible. 


In raw water reserves, 2 to 3 g.m™ of 
copper sulphate or disinfection by chlo- 
rine-copper can destroy the algae or at 
least limit their development. Unfortu- 
nately, copper is toxic for fish and there is 
no treatment capable of destroying algae 
without harming fish. Proliferation of 
algae can also be limited by using lime to 
reduce the assimilable CO: content. 


In raw water pipes, the same treat- 
ments are possible, as is the use of chlora- 
mines. 


Finally, development of algae in set- 
tling tanks and gravity filters can be 
reduced by adding a small quantity of 
PAC, which acts by forming an obstacle 
to the penetration of sunlight into the 
water. 


Covering plant such as settling tanks 
and filters is also an effective solution. 


— 


Figure 826. The Morsang-sur-Seine treatment plant near Paris for LE-Dumez (France). A covered Super- 


pulsator unit. 
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3, STANDARDIZED SMALL PLANTS 





Where simple clarification is sufficient, 
a standardized plant employing limited 
equipment may be used. 


Sale 


SEMI-PORTABLE 
GSF PLANTS 


Degrémont GSF plants meet the above 
requirements. They are complete treat- 
ment plants operating under pressure and 
are designed to supply drinking water 
from moderately polluted raw water with 
a maximum turbidity of 500 NTU. For 
higher concentration levels, it is advisable 
to install a static presettler between the 
water intake and the GSF inlet pumps. 
Static presettlers are usually simple pits 
capable of precipitating the heaviest mat- 





52h 
BIDONDO 
UNITS 


Bidondo units (see Figure 828) have a 
greater capacity than the GSFs and 


Number 


ter so that the SS load of the raw water is 
within the design limits of the GSF. 


The GSF is fitted with an electric raw 
water pump feeding a Circulator settling 
tank, operating under pressure, followed 
by sand filters, and returning the treated 
water to a tank at least 10 metres above 
ground. Water from this tank can be used 
to wash the filters and the treated water 
can be distributed by gravity (Figure 
827). 


Three reagents are added by metering 
pumps: 
— a coagulant before settling, 
— a neutralizing or pH-correcting agent 
before settling or after filtration, 
— a disinfectant after filtration. 


The salient features of the GSF are 
listed in the following table. 


Minimum 
: ._ |tank capacity 
Di . 
ameter in ae 
mm 


450 
650 


2 
z 
2 800 
3 950 


can supply drinking water to villages or 
larger communities from a moderately 
polluted raw water source. These units 
work under pressure and consist of one or 
more horizontal sludge recirculation set- 
tling tanks, backwashed sand filters, and 








Figure 827. Ouagadougou treatment plant (Burkina Faso). Flow: 1.5 m’.h”', Semi-portable GSF type O 


Flow 
Type in Settling tanks Filters 
mh! 
10 


plane with GAC filter. 


three metering pumps to add the reagents 
(coagulant, neutralizing or pH-correction 
agent, and disinfectant). 


The treated water is pumped to a tank 
at least 10 metres above ground level that 
can also be used for filter washing pur- 
poses. 


The salient features of the Bidondo 
units are given in the following table: 


D3. 
CRISTAL “M’ 


e Design 
This range of monobloc plant units 
is designed to treat surface water from riv- 


= 
bs 
. Ao. 
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3. Standardized small plants 






“ERP Ph sae She ¥e eae 


1-020mL=5m]1-¢ 1600 mm 


2-9 20mL=5 m|2- ¢ 1600 mm 
3-%2.0mL=5m|3- ¢ 1600 mm 
2-025mL=5m|2- 2 2000 mm 





The electromechanical and mechanical 
equipment and the reagent distribution 
system are housed in the same building. 





ers or lakes to produce top-quality drinking 
water. Normal capacity is between 2.5 Ls” 
and 15 ls” (i.e, 9 and 54 m’h’'). 

The main feature of these plants is that 
they configure one or more factory-built 
metal clarifier modules capable of oper- 
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3. Standardized small plants 


ating in parallel. A single module contains 
all the traditional clarification treatment 
stages: dosing of reagents into raw water, 
flocculation, settling, and filtration. 


This design facilitates transport and 
installation of the plant at the final site. 


Two standard clarification modules are 
available: 


Dimensions 


(mm) 








Modules can be installed in parallel 
from the outset, or added at a later date 
as drinking water consumption rises. 


As indicated in Figure 829, each stand- 
ard module comprises: 
— a static mixer (1) that rapidly diffuses 
the injected coagulant; 
- a flocculator (2) with a contact time of 
over 20 minutes. The lower part of the 
flocculator is fitted with a sludge pit com- 
plete with extraction pipe, which allows 
the unit to operate as a grit chamber. The 
unit is stirred by a turbine (3) fitted with 
vertical blades; 
— a lamellae settling tank (4) with sludge 
pit and manual extraction (5). The vol- 
ume is sufficient to limit interventions to 
two per day under normal raw water con- 
ditions; 
— a constant rate, variable head filter (6) 
backwashed by water and air. 


e Ancillary equipment 
— a basket strainer, 


— a flowmeter, 


— a coagulant preparation and feed sta- 
tion, 

- a hypochlorite preparation and feed 
station for the prechlorination and disin- 
fection stages, 


— a pump and air blower to wash the fil- 
ter cell, 


— an electrical cabinet for control and 
protection of the electric motors. 


e Treated water storage 

Treated water is fed into a storage tank 
designed according to the following crite- 
ria: 
- shortest possible contact time for effi- 
cient disinfection; 


— sufficient reserves to wash the filter(s); 


- sufficient operational flexibility to cater 
for the variations in distributed treated 
water. 


Treated water storage - 
Recommended volumes (m’) 








e Installation 

For an open-air plant, the filter wash- 
ing equipment and electrical equipment 
are installed on a skid. 


All ancillary equipment can be deliv- 
ered in a specially configurated standard 
20-foot container (6 m X 2.3 m X 
2.3 m). This container can optionally con- 
tain an electric power generator unit and a 
treated water pump. 


| Wem! 
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1 — Static mixer. 

2 - Flocculator. 

3 - Turbine. 

4 - Lamellae settling tank. 
5 - Sludge extraction. 


6 — Constant rate, variable head filter. 


Figure 829. Cristal M unit flow sheet. 


7 — Coagulant. 

8 - Disinfectant. 

9 - Air scour blower. 

10 - Dirty wash water, 
11 - Wash water pump. 








3. Standardized small plants 





e Variants 

Alternative configurations offer: 
— less advanced design: 
* baffle-type flocculator with no mechani- 
cal parts, 
* dual-media filter washed with water 
alone using a pump, 
- alternative hydraulic layout: 
* pressure filters and delivery to elevated 
tank. 

The same principle can be applied to 
plants with higher flow rates, in which 


case separate filters can be used (Figure 
831). 





Figure 830. Lastourville treatment plant (Gabon). 
Flow: 5 1s". Cristal M. Flocculator and settling 
tank with detail of settling modules. 
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Figure 831. Jonggol treatment plant (Indonesia). Flow: 5 1s". 
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TREATMENT OF SWIMMING POOL 
WATER 


1, PRINCIPLE 


Swimming pool water is regenerated 
through a closed-loop system, i.e., the 
water polluted by numerous swimmers is 
treated and pumped back into the pool. 
Renewing the water completely would be 
prohibitive owing to the high cost of pur- 
chasing and reheating the feed water, 
which needs to be of drinking water qual- 
ity. 
Fresh water does need to be added 
daily, however, to compensate for water 
losses and to reduce concentrations of or- 
ganic, ammonia and mineral compounds, 
which would otherwise increase contin- 
uously. 


The regeneration treatment for swim- 
ming pool water discussed here is applica- 
ble to public swimming pools and private 
collective swimming pools. It is also suit- 
able for leisure pool complexes comprising 
swimming pools, artificial rivers and vari- 
ous other amusement attractions. 

The installation used to regenerate 
swimming pool water must be designed to 
offer high standards of health and hygiene 
although specific details may vary from 
country to country owing to differences in 
national legislation. French legislation may 
be taken as a reference when no other legis- 
lation exists in a given country. 
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2. FRENCH LEGISLATION 


PIN 
GENERAL 


The treatment of swimming pool water 
in France is governed by decree No. 
81.324 of April 7, 1981, which nullifies 
the decree of June 13, 1969 and defines 
the rules of hygiene and safety applicable 
to swimming pools and similar installa- 
tions. New facilities must respect the 
terms of this decree. 

The circular of May 9, 1983 defines 
the measures to be taken to bring exist- 
ing swimming pools into compliance 
with the new legislation. Each pool is 
studied on a case-by-case basis in order to 
determine how best to bring the installa- 


PH be 


FLOW RATE, RECYCLING 
AND RENEWAL OF 
WATER 


2.2.1. The recycling and treatment 
installation 


The role of the recycling and treatment 
installation is to supply each of the pools 
managed with a constant flow of water 
that has been filtered and disinfected in 
accordance with applicable standards (see 
Page 1244). 

For swimming pools whose total sur- 
face area exceeds 240 m’, the duration of 
the water cycle must be less than or equal 
to: 


tion into line with the decree of 1981. 

In the case of leisure pool complexes, 
the overall design is covered by the decree 
of 1981 but specific measures may need 
to be taken concerning certain amuse- 
ments. It is always wise to submit projects 
to official organizations, such as the Min- 
istry of Youth and Sport (in France) or 
the Public Health Department, for ap- 
proval. 

The legislation specifies the bacteri- 
ological and physical-chemical standards 
applicable to swimming pool water, the 
general layout and construction of walk- 
ways within the establishment and a cer- 
tain number of technical questions con- 
cerning water treatment. These technical 
aspects are discussed below. 


- 8h for a diving pool or scuba diving 
pool; 

— 30 min for a paddling pool; 

- 1 h 30 min for other pools or parts of 
pools whose depth is equal to or less than 
1.50 m; 

- 4h for other pools or parts of pools 
whose depth exceeds 1.50 m. 


Flowmeters are used to check that the 
water in each pool is recycled within the 
specified period. 


A single installation can treat the water 
in several pools provided that each pool 
has its own supply, drainage and disin- 
fection system. 


Water running along the edge of the 
pool should be drained off to ensure that 
it does not flow back into the pool. 


2. French legislation 


2.2.2. Fresh water supplies 


Fresh water is transferred by overflow 
to a separation tank or buffer tank up- 
stream of the treatment installation. A 
meter checks the incoming flow rate. 





The water in the pool must be renewed 
at a rate of at least 0.03 m? per swimmer 
daily. 


Pools must be emptied completely at 
least twice a year. 





zy: 
WATER CIRCULATION 


In new swimming pools, with the 
exception of paddling pools and wave 
pools during wave production, at least 
half the flow rate drawn off the surface for 
recycling must be reinjected at the bottom 
of the pool after treatment. 

Skimmers can only be installed in pools 
whose surface area is less than or equal to 
200 m”, There must be one skimmer per 
25 m? of water. 


Two systems of water circulation 
are used for swimming pools: 
— In the inverse hydraulics system, the 
treated water is reinjected through an 
axial channel or a system of inlets at the 


Buffer tank 


bottom of the pool. Channels running 
down the length of the pool or around the 
sides draw off the polluted water from the 
surface (Figure 832). 

— In the mixed hydraulics system, only 
part of the flow rate (at least half) is 
drawn off from the surface. Water is 
drained off partly from the surface and 
partly from the bottom of the pool (Fig- 
ure 833). 


These methods effectively skim off the 
pollution concentrated on the surface of 
the pool. 


Numerous constraints must be taken 
into account in the design and manu- 
facture of the channels installed along the 
edges of the pool to draw water off from 
the surface. However, inverse hydraulics 
are simpler and generally more econom- 
ical than mixed hydraulics. 





Swimming pool 


A 
A 


| 100 % of flow rate 


Filtration 


Pumping : 
100 % of flow rate 


Figure 832. Inverse hydraulics (total) 
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Buffer tank 


Swimming pool 


100 % of flow rate 


Disinfection 


50 % of flow rate ned 


Pumping : 
50 % of flow rate 





Figure 833. Mixed hydraulics 


2.4. 
QUALITY OF SWIMMING 
POOL WATER 


Swimming pools obtain their water 
supplies from public networks. 


The water in swimming pools must 
comply with the requirements below: 


— The water must be transparent, i.e., the 
lanes marked on the bottom of the pool 
must be clearly visible and a dark object 
(measuring 0.30 m along each side) 
placed in the deepest part of the pool 
must be easily discernible. 


— The water must not irritate the eyes, 
skin or mucous membranes. 


— The quantity of substances that oxidize 
in hot potassium permanganate in an 
alkaline medium, expressed as oxygen, 
must not exceed the levels present in the 
water used to fill the swimming pool by 
more than 4 mg". 


— The water must contain no substances 
liable to damage the health of swimmers. 


Filtration 


- The pH must be comprised between 
6.9 and 8.2. 


— In one ml of water, the number of aer- 
obic bacteria revivable at 37°C must be 
less than 100. 


- In 100 ml of water, the number of 
total coliforms must be less than 10 and 
no fecal coliforms must be present. 


— The water must contain no pathogenic 
germs. A full 90% of the 100 ml samples 
taken must be free of pathogenic staphy- 
lococcus germs. 


— The water must be disinfected and also 
act as a disinfectant. 


- Indoor swimming pools must be 
heated to between 25°C and 27°C. The 
recommended temperature for open-air 
pools is 23°C. 


— Monthly reports must be made to the 
regional health authorities concerning the 
quality of swimming poo! water and the 
relevant analyses, which must be per- 
formed by an officially approved lab- 
oratory. 


3. Closed-loop treatment of swimming pool water 





Figure 834. View of the Closeaux open-air swimming pool at Rueil-Malmaison near Paris 


3, CLOSED-LOOP TREATMENT OF SWIMMING 


POOL WATER 


The water in the pool is treated in the 
regeneration installation and_ reinjected. 
The treatment comprises two separate 
stages: filtration and disinfection. The 


opt 
PRELIMINARY FILTRA- 
TION AND PUMPING 


The water drawn off from the surface 
by the channels running along the edge of 


installation used comprises preliminary 
filtration, pumping, filtration, heating 
(where necessary) and disinfection (Figure 
835). 





the pool is conveyed to a special tank and 
transferred to the feed pumps in the 
regeneration circuit. 


One or more preliminary filters must 
be placed immediately upstream of the 
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3. Closed-loop treatment of swimming pool water 


pumps to ensure that no waste particles 
enter the circuit. Each preliminary filter 
comprises a simple removable basket that 
is easy to inspect and clean. 

The number of pumps and preliminary 
filters depends on the extent of the recycle 
flow rates and the possible combinations 


De 
FILTRATION 


Pressure sand filters are generally used. 
As the turbidity of the water is low, fine- 
grained sand is used for the filtering proc- 
ess, which can be performed at very high 
rates. Filters backwashed with water alone 
are therefore suitable for this application 
(see Page 766). 

Specially designed for rapid filtering of 
swimming pool water, the Hydrazur sand 
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Figure 836. The Closeaux swimming pool at Rueil-Malmaison near Paris, France. Recirculated flow rate: 
'” Filters: 2 Hydrazur filters, dia. 1.9 m. 


160 m’.h 





of these flow rates, which may be mod- 
ified in certain cases according to the 
numbers of swimmers using the pool. It is 
important to select the type of pump best 
suited to the specific characteristics of 
each pool. 


filter operates at up to 40 mh”. The 
Hydrazur dual media filter, another type 
of filter, uses one layer of sand and one 
layer of pumice stone or hydroanthracite, 
which makes it possible to reach filtration 
rates of up to 55 m.h”. 


Filters are backwashed at a flow rate of 
between 30 and 40 m’/m/7h irrespective 
of filtration rate. The amount of water 
consumed to wash the filters (over several 
cycles) is roughly the same whatever the 
filtration rate. 
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In certain cases, the type of pressure fil- 
ter featuring backwash and a combined 
air scour may be more suitable. This type 
of filter is faster to wash and only requires 
a small amount of water. 

It is important to note that water, 
filtered through sand, will not be per- 
fectly clear unless a water coagulant is 
used. In consequence, a very small dose 
of aluminium sulphate should be 
injected prior to filtering to coagulate 
the colloidal suspended solids, which 
thereby remain on top of the filter 
rather than circulating through the 
whole filtering bed. If no coagulant is 
used, the consumption of chlorine (and 


DED: 
DISINFECTION 


Disinfection is an extremely important 
part of the treatment. The objective of the 
process is to make the water both clean 
and attractive, i.e., to avoid the transmis- 
sion of contagious illnesses and to prevent 
the development of microscopic algae, 
which turn the water green. 


Numerous illnesses can be transmitted 


if the water is badly or inadequately 


treated. The most frequent are: 
— conjunctivitis caused by a virus; 


— ear, nose and throat infections owing to 
the presence of streptococcus or staphylo- 
coccus propagated through nasal mucus; 


— certain types of enteritis caused by the 
same germs or certain viruses, when water 
is swallowed; 


disinfectant in general) will increase 
owing to the binding of the latter with 
non-retained matter. 


The higher consumption of disin- 
fectant is harmful in that it increases 
the concentration of chlorides in the 
water and favours the constitution of 
undesirable organic chlorine com- 
pounds. 


The coagulant is injected through a 
metering pump as is the sodium car- 
bonate or any acid that may be 
required to bring the pH of the water 
into compliance with applicable stand- 
ards. 


— certain skin infections (eczemas) some- 
times caused by Koch bacillus. 


A number of cases of meningoen- 
cephalitis, several of which have proved 
fatal, have been attributed to Naegleria 
gruberi, an amoeba that is destroyed by 
free chlorine or ozone. 

Last, certain cutaneous infections (epi- 
dermophytosis caused by a fungus that 
appears on the skin between the toes and 
verrucas caused by a papilloma virus) can 
be caught by swimmers walking along the 
side of the swimming pool. The area 
around the pool must therefore be cleaned 
and disinfected regularly. 

In order to prevent the transmission of 
illnesses, the water in the pool must have 
powerful and lasting disinfectant proper- 
ties. Three types of disinfectant are com- 
monly used. 


3.3.1. Chlorine and derivatives 


Chlorine can be distributed in gas form 
by a chlorinator from a bottle of liquefied 
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chlorine or else as a solution of sodium 
hypochlorite (bleach) fed by a metering 
pump. The water should contain between 
0.4 mg‘ and 1.4 mg." of free chlorine. 
The amount of total chlorine should not 
exceed the free level by more than 
0.6 mg I". 

Chlorine is the most commonly used 
disinfectant. It does not inconvenience 
swimmers, even in large quantities, when 
the pH of the water is correct, i.e., be- 
tween 6.9 and 7.7. At this level, the bac- 
tericidal properties of chlorine are maxi- 
‘mized and possible irritations minimized 
provided that the dose corresponds to the 
breakpoint. Relatively large quantities 
may be required in certain cases (see 
Chapter 3, Paragraph 12.3.2). 

Compounds from the cyanogen chloride 
family may also be used. Prepared by chlo- 
rinating cyanuric acid, these compounds 
include trichloroisocyanuric acid and 
sodium dichloroisocyanurate. The products 
obtained hydrolyze in water and are in 
equilibrium with the hypochlorous acid. 
Sodium dichloroisocyanurate + 2H2O 
2 sodium cyanurate + 2HCIO 

The balance depends on the concentra- 
tion and the pH. The hypochlorous acid is 
also in equilibrium: 

HdO 2 cdo +H" 

The cyanogen chloride family therefore 
constitutes a reserve stock of disinfectants, 
which may be used to disinfect swimming 
pool water. The approval of the health 
authorities should nevertheless be 
obtained before using these substances. 
The legislation of the country concerned 


should also be studied. 
3.3.2. Bromine 


Bromine is used in certain cases, partic- 
ularly for swimming pools filled with sea 
water. 


The average total bromine content in 
swimming pool water should be between 
1 and 2 mg‘. The water must have a 
higher pH than for chlorine, ideally be- 
tween 7.5 and 8.2. 

The use of bromine is, however, a con- 
troversial issue. 


3.3.3. Ozone 


Ozone is the most powerful disin- 
fectant known. A particularly efficient 
amoeba destroyer, ozone also breaks 
down certain amino acids and turns the 
water an attractive shade of blue. Ozone 
does not favour the formation of prod- 
ucts liable to irritate the mucous mem- 
branes nor does it affect the taste or 
smell of the water. No traces of ozone 
should be present in water reinjected 
into the pool. Residual ozone must be 
destroyed (filtering on granular activat- 
ed carbon, etc.). Swimming pool water 
cannot be treated with ozone alone as 
the remaining traces would make the 
water sensitive to subsequent contam- 
ination. A low dose of chlorine or bleach 
is required to complete the disinfection 
process. 

Ozonized air is produced electrically. 
The ozone is dissolved in a contact 
column. A residual ozone content of 
0.4mg.l' must be maintained for 4 
minutes if the ozone is to act effectively. 

Without preliminary ozonation, the 
second disinfectant would need to be fed 
in much larger quantities and the irri- 
tant effects of chlorine would be greater. 

An ozone-based disinfection system is 
relatively expensive but operating costs 
are modest and the effects greatly appre- 
ciated by swimmers. 
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3.3.4, Other disinfectants 


Other disinfectants such as chlorine 
dioxide, iodine and silver are sometimes 
used. Although a number of these prod- 
ucts are suitable for certain applications 1n 
water, they cannot be considered as totally 
reliable for use in public swimming pools 
and are rarely recommended. Before using 
any of these products, it is advisable to 
check applicable legislation. Certain coun- 
tries authorize the use of a calcium hypo- 
chlorite solution instead of bleach 
(sodium hypochlorite). 

It is possible to buy disinfectant prod- 
ucts, often in pellet form, to reinforce the 
disinfectant power of swimming pool 
water where necessary. Before purchasing 
a product, it is advisable to check that it 
is authorized for use. 


3.3.5. Destruction of algae 


A swimming pool cleaned by a well 
designed and well operated water treat- 
ment installation should be free of algae. 
Any algae that do appear can be destroyed 
using copper salts alone or a solution of 


3.4, 
CLEANING SWIMMING POOLS 


During the night, suspended solids settle 
on the bottom of the pool. They must be 
removed before the pool opens the next day 
to ensure that they do not rise to the sur- 
face again. This operation is carried out 
using a pool sweeper, a device that works 
on the same principle as a vacuum cleaner. 

A floating hose equipped with a suc- 
tion device is fitted to a number of quick- 
fit connectors around the walls of the 
pool. The connectors are linked to a sys- 
tem of pipes around the pool, which run 


copper salts mixed with a small dose of 
chlorine. 

Algae are removed by covering the 
walls of the pool with a solution contain- 
ing 10% of regular powdered copper sul- 
phate. This should be done when the pool 
is closed. A dose of 250 g of powder (or 
even 1 kg if the pool is very green) is 
required for every 50 m’ of pool capacity. 
The pool should be cleaned with the 
sweeper after a few hours. 

A metering pump or similar device, 
operating on an intermittent basis to pre- 
vent the tolerance of algae, can be used to 
introduce copper sulphate directly into the 
regeneration circuit in doses of 1 to 2 g 
per m’. 

Lastly, when the swimming pool is 
closed, a large dose of chlorine (approxi- 
mately 20 g.m™ with an acid pH) can be 
added to the water periodically. 

The new micro- and ultrafiltration 
membranes filter and disinfect the water 
effectively. Adding an oxidizing agent suf- 
fices to maintain the disinfectant power of 
the water. 


back to the intake of a fixed pump 
equipped with a preliminary filter. The 
pump must have its own power unit as 
the units powering the recirculation sys- 
tem are unable to reach a sufficiently low 
pressure to suck out impurities effectively. 

Certain sweepers have an immersed 
pump running on a low or very-low volt- 
age. The water is sucked out through a 
floating hose or sent through a bag or car- 
tridge filter attached to the sweeper before 
being returned to the pool. 

The walls of the pool should also be 
cleaned. This task can be performed 
manually or with the sweepers described 
above. 


3. Closed-loop treatment of swimming pool water 





Figure 837. The Caluire-et-Cuire swimming pool in southern France. Recycled flow rate: 460 m?.h"'. Fil- 


ters: 2 Hydrazur dual media filters, dia. 2.5 m. 


ID: 
SPECIAL CASES 


3.5.1. Correcting the pH 


The pH of the water in the regener- 
ation circuit frequently needs to be 
adjusted to optimize the effects of the dis- 
infectant used. A metering pump is used 
to inject alkaline salt (sodium carbonate) 
or hydrochloric acid diluted 20 times. 


3.5.2, Removing iron and manga- 


nese 
The water used to fill swimming pools 


sometimes contains iron or manganese, 
which will form reddish or blackish de- 
posits on the walls of the pool unless 
removed. 


3.5.3. Sea water pools 


Certain swimming pools use sea water 
instead of fresh water. The principle 
remains the same but certain technical 
precautions must be taken to protect the 
machinery from corrosion. A certain 
quantity of fresh water must also be add- 
ed to prevent a progressive increase in the 
concentration of salt. 
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3.6. 
MONITORING AND 
CONTROL 


To maintain its disinfectant properties, 
swimming pool water must possess a cet- 
tain pH and, more importantly, a specific 
residual content of chlorine, which must 
be respected for as long as the water 
remains in the pool. 


Figure 838 shows a control system de- 
veloped by Degrémont for this purpose. 
As the water is discharged from the 
pumps in the recirculation circuit, a sam- 
ple is removed for analysis in a special 
unit (2), which determines the pH, the 


residual chlorine content and, if required, 
the rH. Disinfectant can be metered on 
the basis of the rH in certain cases if de- 
sired but this is not indispensable. The 
measurements taken are sent to the con- 
trol and regulation unit (3), which acti- 
vates the chlorine metering pump (4) or the 
chlorinator as well as the metering pump 
containing the pH adjustment reagent(s) 
(5). Reagents are added to the water before 
it flows back into the pool. Doses are 
determined on the basis of the deviation 
from the set point. Differences in the 
deviation are also taken into account, 
which makes it possible to anticipate how 
the level is likely to vary in accordance with 
the number of swimmers using the pool. 
This system can easily be adapted to cover 
several pools. 
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Figure 838. Automatic chlorine and pH control system (1 sampling point for one pool or for two pools 


with common suction and discharge systems). 


3. Closed-loop treatment of swimming pool water 


ae 
LEISURE POOLS 


With the development of amusement 
parks, leisure pools are becoming increas- 
ingly widespread. The water is recycled on 
the same principle as for sports pools but 
the following specific factors must be tak- 
en into account: 

— The pools are used by large numbers of 
Visitors. 

— The shape and depth of certain pools 
may be irregular. It is vital to ensure that 
the entire area is effectively covered by the 
renewal circuit. 

— The temperature of the water is often 
considerably higher than in traditional 
pools. 
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— The pools are often set in parks or 
wooded areas where visitors are able to 
consume food. The water may therefore 
contain a variety of suspended solids lia- 
ble to block the filters. This will create a 
need for more chlorine. 


— The pH of the water is modified by 
the large quantities of dissolved COz 
discharged by amusements such as wave 
pools, waterfalls, flumes and water can- 
nons. Chlorine levels also fall. 


— The type of materials used, e.g., arti- 
ficial rocks, make it more difficult to 
clean the surfaces in contact with the 
water. 


In certain cases, greater doses of re- 
agents may need to be added to the 


water. 
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Figure 839. The Lauziéres sports and leisure pool at Chateau-Arnoux in the French Alps. Recycled flow 
rate: 300 m’.h". Filters: 2 Hydrazur dual media filters, dia. 2 m. 
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MUNICIPAL WASTEWATER 
TREATMENT 


1. BIOLOGICAL TREATMENT 


The biological treatment facilities of a 
plant must be designed to break down the 
pollutants in raw water and in the recy- 


ale 


LOW-RATE ACTIVATED 
SLUDGE TREATMENT 
PLANTS 


In small and medium-size plants, raw 
water is treated by extended aeration, 
with a loading low enough to ensure 
simultaneous sludge stabilization (BODs: 
< 0.35 kg/m’ .day). 

The peak clarification rate is approxi- 
mately 0.8 m.h” in a separate system. 

Due to the elimination of the primary 
settling stage, full pretreatment, including 
grease removal, is provided. Low-rate 
package plants are described in Chapter 
11, page 715. 


cled liquors, particularly those produced 
by sludge treatment (thickener.tank over- 
flow, filtrates, centrates, etc.). 


Aeration tanks can be square, rectan- 
gular, circular, etc. The choice is based 
primarily on the aerating technique used, 
particularly as the mixing requirements of 
low-rate processes usually result in higher 
energy consumption than oxygenation 
alone. This consideration explains why the 
two functions are sometimes dissociated, 
with aeration and mixing carried out by 
two separate sets of equipment. A closed 
loop tank configuration is preferable in 
this case (cf. p. 692). Furthermore, the 
often limited depth of these tanks might 
suggest the use of plastic liners, but the 
service life of the latter is unpredictable. 

Low-rate processes are conducive to 
alternative aeration tank operating modes, 
i.e., with or without clarification. 
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Figure 840. Bruz plant, France. Capacity: 20,000 PE. Municipal wastewater treatment by extended aeration. 
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ACTIVATED SLUDGE 
PLANTS WITH AEROBIC 
STABILIZATION 


This type of plant is designed for treat- 
ment of raw water and aerobic stabiliza- 
tion of excess sludge in separate units, 
without primary settling. One such facil- 
ity is the Sorgues plant (cf. Figures 841 
and 842). 

In addition to careful pretreatment and 
pumping where applicable, the plant con- 
sists of the following: 

— an aeration tank (BODs loading: 1 to 
1.5 kg/m?.day), 

— aclarifier with bottom scraper and sur- 
face skimmer (peak clarification rate: 1 to 
1.5 m.h”' in the separate system), 


- a stabilization tank (capacity: 25 to 
50 | per inhabitant), generally adjacent to 
the aeration tank. 


Capacity of the stabilization tank is 
inversely proportional to that of the aer- 
ation tank. Two other design criteria for 
this unit are temperature and the fre- 
quency of extraction of stabilized sludge 
(seep. 940) par. 22.17. 


The two main difficulties encountered 
in operating this type of unit are: 


— low stabilized sludge concentration due 
to the fact that thickening and oxidation 
of microorganisms are carried out in the 
same vessel. Providing a separate thick- 
ener following stabilization affords only 
slight improvement, 


- removal of excess sludge, which 


1. Biological treatment 


requires prior settling of sludge during the 
stabilization process. 

If a plant extension is planned, it can 
be worthwhile to include primary settling 
prior to biological treatment. Excess acti- 
vated sludge is thus removed during pri- 





1 - Screening. 

2 - Grit and grease removal. 
3 - Aeration tank. 

4 - Clarifier. 

5 - Sludge return. 





mary settling, and only fresh mixed sludge 
reaches the stabilization tank. Its concen- 
tration must remain low enough to allow 
mixing. Aeration with pressurized air is 
preferable in this respect. 


EN 4 


6 - Excess sludge to stabilization. 
7 - Aerobic stabilization. 

8 - Drainage of supernatant. 

9 - Drawoft of stabilized sludge. 


Figure 841. Treatment plant at Sorgues, southern France. 





Figure 842. Sorgues treatment plant, Southern France. Capacity: 15,000 


ment with aerobic stabilization. 
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leo: 

PLANTS 

WITH PRIMARY 
SETTLING 


1.3.1. Advantages of primary 
settling 


The aim of primary settling is to 
enhance the quality of pretreated effluent, 
in particular by trapping the settleable 
suspended solids and by thoroughly 
removing floating matter (oil and grease). 
Sized for a separate system based on a ris- 
ing velocity of 250 imi (peak value) 
and 30 m.d”' (mean value), primary set- 
tling removes 50 to 60% of the suspended 
solids in raw water, permitting a 20 to 
30% (or better) decrease in organic pol- 
lution expressed as BODs, with no sig- 
nificant increase in energy consump- 
tion. The capacity of the aeration tanks 
and energy requirements of subsequent 
biological treatment are reduced accord- 


ingly. 


Fresh primary sludge generally shows 
high concentrations: 

- 60 to 80 gt! without recycled excess 
activated sludge, 

- 50 to 60 gl" in mixed sludge, contain- 
ing sludge from trickling filters, 

- 35 to 50 gis in mixed sludge contain- 
ing excess activated sludge. 

Primary settling is a prerequisite for 
attached growth treatment and in cases 
where anaerobic digestion of sludge is 
being considered. 


As a space-saving measure, lamellae 
primary settling tanks may be used, in 
which case, the hydraulic loadin can 
reach a peak value of 10 to 15 m°/m’.h 
but the resulting sludge concentration is 
lower than with traditional settling tanks. 
Primary sludge requires thickening in 
another unit, separately from the bio- 
logical sludge. When lamellae settling 
tanks are used, primary settling must be 
preceded by full pretreatment, including 
straining. These units are particularly well 
suited to physical-chemical treatment 
processes (cf. p. 1288). 





Figure 843. Mulhouse municipal wastewater treatment plant, eastern France. Capacity: 450,000 PE. View 
of primary settling tanks (dia.: 51 m). 
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Figure 844. Treatment plant in Nice, southern France. Capacity: 650,000 PE. View of one of the plant’s 


10 lamellae settling tanks, 7 m X 21 m. 


Finally, with their compact design, 
lamellae settling tanks can be easily cov- 
ered over when environmental factors so 
require. 


1.3.2. With activated sludge 


Figure 845 shows a schematic flow 
sheet of a typical process of this type, suit- 
able for medium- and large-scale plants. 

If only carbonaceous pollution is being 
removed, the aeration tanks are sized for a 
BOD; loading of 1.2 to 1.8 kg/m’.day 
with clarifiers designed for peak rising 
velocities of less than 2 m.h” and mean 
daily velocities of 20 m.d™. Retention 
time in the aeration tank is always at least 
1 hour. 

This type of plant offers the following 
advantages over treatment by activated 
sludge without primary settling: 


— lower energy consumption (possibility 
of energy self-sufficiency in the case of 
sludge treatment with a low energy 
requirement), 

— reduced sludge production (and higher 
concentrations), 


— improved sludge stabilization. 


To reduce fluctuations in load and in 
oxygen demand of bacteria, the aeration 
tank should be of the stepped-feed or 
complete mixing type. If a very high 
treatment efficiency is required, then 
plug-flow or cascade tanks are preferable 
and particularly well-suited to the re- 
moval of nitrogenous and phosphorous 
pollution (cf. pp. 1264 and 1271). 
With these configurations, aerating 
capacity declines from tank inlet to out- 
let, where minimal mixing criteria are 
appropriate. 
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1 - Lifting (where needed) by Archimedes’ screw 
or pumping. 


2 - Pretreatment 

* mechanical screening with retuse dewa- 
tering where necessary. 

* aerated grit/grease removal. 

Primary scraper settling tank, circular or 

rectangular. 

4 — Aeration tank with air injection or sur- 

with separate channels 

(various hydraulic designs possible). 


face aerators, 


Clarification in circular or rectangular 
tanks with scraper, usually with suction 
device. 


aa 11 | Sludge thickening 







Le 2 g (where required) 


e f™i12 


wo 





Recycled liquor 


6 - Sludge return by pumps or Archimedes’ | 
screw. 

7 — Pumping of excess sludge for return to. 
plant inlet or to thickening. 

8 -— Pumping of fresh sludge toward digester 
or thickener. 

9 — One- or two-stage anaerobic digestion, | 
with gas mixing and separate gas hold- 
er. 

10 — Digester overtlow. 

11 — Sludge thickening (where required). 
12 - Thickener overflow. 

13 -— Waste gas burner. 


Figure 845. Flow sheet of a conventional activated sludge treatment plane with primary settling and anaer- 


obic digestion. 


If the plant comprises several separate 
biological treatment lines, it is always 
worthwhile to provide sludge return sys- 
tems for each line. To achieve the highest 
possible degree of thickening of fresh 
sludge prior to digestion, separate thick- 
ening should be provided for primary 
sludge and excess biological sludge. This 


configuration is used increasingly in large 
treatment plants. 

In biological treatment carried out 
directly on fresh sludge (without anaero- 
bic digestion), a greater quantity of sludge 
is involved without the buffer effect of the 
digestion process. As a result, the reliabil- 
ity of biological treatment is directly con- 


1. Biological treatment 











Figure 846. View of the Cluses treatment plant, French Alps. Capacity: 33,000 PE. Activated sludge treat- 


ment of municipal wastewater with primary settling and anaerobic digestion. 
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Figure 847. Activated sludge treatment of municipal wastewater with primary settling and sludge inciner- 
ation at the Bologna treatment plant (Italy). Capacity: 450,000 PE. 
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tingent upon the efficiency of the sludge 
dewatering and disposal process. In large 
plants, this usually includes incineration, 
as is the case for the Bologna plant (Fig- 
ure 847). 


1.3.3. With the attached growth 
process 


1.3.3.1. Trickling filters 
e Conventional filter media 

This technique is still used to oxidize 
carbonaceous pollution and sometimes 
ammonium in developing countries with 
appropriate climatic conditions. Possible 
hydraulic designs are shown on page 309. 
The secondary settling velocities rarely 
exceed a peak value of 1.8 m.h”. 

Higher efficiency can be achieved when 
two trickling filters are operated alter- 
nately (Figure 848). 

When treatment is applied to munici- 
pal wastewater in temperate regions, this 
configuration allows removal of 95% of 
the BOD;, with BOD; loadings of 
0.5 kg/m’.d for each filter. 


Rotary 
vane feeder 


© 


Trickling 
filter 


(2nd stage) 


Primary 


Pretreat. 
peas settling 


Trickling 


filter 


(1st stage) 


e Plastic filter media 

This type of filter is most frequently 
used in the pretreatment of concen- 
trated effluent, but it can also be 
implemented for removal of carbo-. 
naceous pollution from domestic waste- 
water alone (Figures 849 and 850). In 
the case of filters operating in series, no 
intermediate settling tank is provided. 


Filter effluent is recycled directly 
from the filter outlet. Two stages are - 
generally required to produce effluent 
with BOD; of 30 mg’. However, 
temperature has a marked effect. on 
treatment efficiency. 


Most municipal wastewater treat- 
ment plants with trickling filters are | 
designed to include anaerobic sludge di- 
gestion. 


1.3.3.2. Granular beds 


A biological reactor such as Biofor 
(see page 733) is placed at the down- 
stream end of the primary settling tank. 


settling 
2nd stage 


Recircula 
tion pump 


econdar 
settling 
(1st stage 


_ RW pumping 
+ recirculation 


Recirculation 








Figure 848. Flow sheet of a plant with crickling filters: two filters operating alternately. 


1. Biological treatment 


This treatment line is best used in the 1288), which permits treatment of more 
case of raw water with BODs on the order concentrated wastewater. The technique is 
of 150 mgJ'. However, the most fre- suitable for use in small treatment facil- 
quently adopted solution combines floccu- ities and features an excellent degree of 
lation with primary settling (refer to page — suspended solids removal. 











Trickling filter 


Grit /grease 
removal Pumping 


Screenin Straining 
RW : 


Clarifier 
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Figure 849. Flow sheet of the Wingles treatment plant, northern France. Two concentric trickling filters op- 
erating in series. Plastic media. 


Figure 850. Wingles treatment plant, northern France. Capacity: 15,000 PE. Municipal wastewater creat- 
ment in trickling filters. 
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1.4. 

COMBINED PLANTS: 
TRICKLING FILTERS 

+ ACTIVATED SLUDGE 


The wastewater arriving at municipal 
treatment facilities may include concen- 
trated, highly biodegradable pollution 
from industrial sources such as agricultur- 
al and food-processing industries (dairies, 
slaughterhouses, etc.). 


For this type of wastewater, a two-stage 
treatment process involving an initial bio- 
logical filtration stage in a trickling filter 
with a plastic media followed by a second 
stage of activated sludge treatment is an 
option worthy of consideration. It fea- 
tures: 

- lower energy consumption for water 
treatment, 

- space savings, due to the high BOD 
loadings that can be treated by biological 
filtration (efficiency on the order of 50% 
for BODs loadings of 5 kg/ m’.d), 

— better adjustment to sudden load var- 
lations. 





ak 

BIOLOGICAL 
NITRIFICATION 

AND DENITRIFICATION 


Preliminary biological nitrification of 
an effluent provides for considerable 
reduction of oxygen demand in the water- 
course. This can be combined with bio- 
logical denitrification for nitrogen remov- 
al. Therefore, biological processes are 
generally selected for the removal of 
nitrogenous pollution. 


The trickling filter is supplied by a 
mixture of domestic and industrial waste- 
water, or for even greater efficiency, by in- 
dustrial effluent alone, which is then 
mixed with domestic wastewater prior to 
the activated sludge treatment stage. 


As the risk of clogging by fine sus- 
pended solids is slight, primary settling 
does not appear justified, except in cases 
where toxic compounds must be removed 
by precipitation. However, specific pre- 
treatment processes are often required for 
industrial effluents prior to the biological 
filtration stage - an oft-neglected fact. 
The substances which should be removed 
include supersaturated salts (CaSOu), fats 
from dairy effluents, draff from brewery 
effluents, particles of meat, fat, straw, 
entrails, etc., slaughterhouse waste, shreds 
of hide, hairs, tannery wastes, etc. 


In an intermediate settling tank oper- 
ating at high rising velocities, oxygen 
demand at the activated sludge stage can 
be sharply reduced by retaining the parti- 
cles dislodged from the plastic-filled bac- 
teria bed. The tank can be designed for 
peak rising velocities of 2.5 m.h™. 


1.5.1. Nitrification 


In light of the kinetics of the nitrogen 


- Oxidation reaction, two conditions must 


be satisfied. These are: 


eminimum sludge age (which is 
strongly influenced by temperature). At 
12°C, the minimum age is that which 
corresponds to an F/M ratio of about 
0.15 kg BODs/kg SS.day. However, if 
the nitrifying bacteria have been allowed 
to grow normally during the mild weather 
period, lower F/M ratios are often defined 





tO maintain a certain rate of nitrification 
in the winter season. Plants with extended 
aeration generally allow for nitrification; 


e sufficient oxygen supply. At least 
4.3 kg of oxygen is required for every kg 
of nitrate produced. 


Effluents must be sufficiently alkaline 
to avoid a pH decrease that would slow 
down the reaction kinetics. A portion of 
the nitrogen (3 to 5% of the influent 
BOD; mass) is assimilated to form the 
biomass. 


1.5.2. Denitrification 


This complementary stage reduces 
nitrates to nitrogen gas. Partial denitrifi- 
cation is unavoidable in a nitrifying 
medium (due to the anoxic systems that 
develop, even on a microscopic scale). The 
purpose of denitrification is most often to 
remove nitrogen and recover the oxygen 
from the nitrates. It also promotes an 
increase in alkalinity. 


For denitrification to occur, the follow- 
ing conditions must be fulfilled: 
— proper nitrification must first have 
been achieved; 
- an assimilable organic carbon source 
must be available; 
— anoxic conditions must prevail. 


Although the raw water itself usually 
constitutes the external carbon source, its 
assimilable carbon content is variable, 
which sometimes leads to an insufficient 
rate of denitrification. 


For the treatment of some industrial 
effluents having a high content of nitroge- 
nous pollution and low content of carbo- 
naceous pollution, an external source of 
carbon must be provided. This is also true 


1. Biological treatment 





for two-stage activated sludge treatment 
plants, in which nitrogen oxidation is a 
second stage that follows an initial stage 
of carbonaceous pollution oxidation. 


Denitrification can also result from the 
endogenous metabolism of the biomass, 
which takes place when the activated 
sludge is “underfed”: some of the cells 
lyse and the resulting soluble nutrients 
are used as food. In a simple extended 
aeration tank, the discontinuous oper- 
ation of the aerators can allow this type 
of partial denitrification, but the overall 
efficiency of nitrogen removal by nitrifi- 
cation/denitrification generally does not 
exceed 70%. 


The endogenous respiration of sludge 
is also the cause of some uncontrolled 
denitrification in the clarifiers, where the 
formation of nitrogen bubbles causes 
sludge to rise to the surface - an unwel- 
come phenomenon that should be 
avoided. 


In fairly large plants, as well as to 
achieve high rates of denitrification, the 
standard configuration provides an 
anoxic zone at the aeration tank inlet 
(Figure 851). The raw water flows into 
this zone and is mixed but not aerated. 


Return sludge from the clarifier flows 
into the anoxic zone at a high rate. To 
achieve the lowest possible nitrate con- 
centration in the treated effluent, addi- 
tional recycling of mixed liquor from the 
downstream end of the aeration tank 
may be necessary. The recycling rate and 
the ability to regulate the quantity of 
carbonaceous pollution conveyed to the 
anoxic zone (where necessary by adjust- 
ing the raw water flow distribution be- 
tween the anoxic zone and the nitrifica- 
tion tank) constitute the system control 
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mechanism. Moreover, in addition to the 
denitrification function of the anoxic sys- 
tem, up to 50 or 60% of the oxygen 
required for nitrification can be recovered 
from the anoxic zone. 


This process, with applications in both 
domestic and industrial wastewater treat- 
ment, is the one that provides the highest 
rate of nitrogen removal (up to 95% un- 
der optimum conditions). 


1.5.3. Project examples 


e Example 1: the Valenton treat- 
ment plant (Figure 852) will eventually 
have a capacity of 600,000 m’.d™. 


The primary objective is to obtain a 
nitrified effluent, with denitrification 
reserved for periods other than cold sea- 
sons. Biological reactors consist of a roofed 
upstream unit which can be used either as 
an anoxic zone in the case of deliberate 
denitrification, or as supplemental capac- 
ity for the nitrification process. 


In periods of normal temperatures 
(when denitrification is provided), mixing 


takes place when the gas head is recircu- 
lated by electric blowers reserved for the 
purpose. In the second type of operation 
(reactivation of return sludge), the 
anoxic zone is placed in contact with the 
atmosphere. Air for injection is taken 
directly from the system, providing for 
regulation based on overall needs. 


Each 150,000 m?.d™' treatment unit 
has two separate treatment lines. Largely 
as a result of foundation design, the aer- 
ation tanks are built at a depth of 
8.30 m. They have a covered central 
anoxic zone 28 m in diameter, and two 
10-m wide concentric aeration channels 
operating in series and representing total 
length of approximately 300 m. The 
volume of the central anoxic zone is 
5,000 m’ while the open-air aeration 
channels, have total capacity of 


SSS ere 


— 


——— 


25,000 m?. Oxygenation of the aeration | 


tanks is performed using air supplied by 


fine-bubble diffusers such as the DP | 


230, immersed to a depth of 7.90 m. 


Aeration density decreases from the inlet 


to the outlet. 


DENITRIFICATION DUE TO ENDOGENOUS RESPIRATION 


Nitrification 


Denitrification 


Return sludge 


Clarifi- 
cation 


Reaeration 


DENITRIFICATION IN AN UPSTREAM ANOXIC ZONE 


Recycled mixed liquor 


Denitrification 


Return sludge 


Figure 851. Denitrification using activated sludge. 


Nitrification 


Clarifi- 
cation 
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Figure 852. The Valenton treatment plant for the SIAAP (Paris area, France). Capacity: 300,000 m’.d™". 
Treatment of municipal wastewater from Paris and surrounding area. Overall view with biological reactors 





for nitrification and denitrification. 
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Figure 853. Ribeauvillé treatment plant, eastern France. Capacity: 12,000 PE. Municipal wastewater treat- | 


ment by nitrification/denitrification. 


Recycled mixed liquor 


Pretreated 


effluent 


Denitrification 
Figure 854, Flow sheet of the Ribeauvillé plant. 


e Example 2: Ribeauvillé water 
treatment plant (Figure 853). 

The plant handles an average daily 
volume of 3,000 m°* and is subject to 
particularly stringent requirements 
regarding discharge of SS and oxidizable, 
particularly nitrogenous, matter which 
demands a high degree of nitrification- 


Nitrification 





SV type 
Dia. 30m 


to dewatering 


— 


Clarification 


denitrification (N-TKN < 5 mgl”).. 

The biological treatment applied to 
pretreated raw water includes an anoxic 
zone near the inlet of a 590-m’ tank, fol- 
lowed by a cascade aeration system in a 
2190-m’ tank (Figure 854) in which ox- 
ygenation 1s provided by Actirotor surface 
aerators. 


1. Biological treatment 


Even on this modest scale, all oper- 
ations are controlled by a PLC (closed- 
loop control of surface aerators based 
on flow rate and redox potential read- 
ings). 

e Example 3: Wastewater treat- 
ment plant for the Strasbourg 
conurbation (Figure 855). 

In addition to an Archimedes’ screw 
lifting system and pretreatment facilities, 
the plant consists of: 

— primary lamellae settling in 12 Sédi- 
pac U settling tanks, 

- biological treatment by activated 
sludge (aeration with air injection), 

— clarification in rectangular suction type 


settling tanks (18 settling tanks, SLG 
type). 


Treatment capacity for the first stage is 
242,000 m’.d", of which 60% comes 





from industrial sources. The prescribed 
treatment level must result in maximum 
N-TKN concentration of 10 mg. as a 
daily average, without exceeding a peak 
value of 15 mg.l” in a 2-hour sampling. 
To reduce the required aeration capacity, 
which is designed based on nitrification 
requirements, part of the tank volume is 
used to reactivate return sludge. Sludge 
reactivation is followed by an anoxic zone, 
placed upstream of the aeration tanks 
proper (Figure 856). 

The plant comprises three separate 
treatment lines. Each one (Figure 856) 
has a rectangular aeration tank 117 m 
long, for water depth of 4.40 m. The 
tanks are subdivided by internal parti- 
tions forming six channels operating in 
series. 


The first two channels (Ri, R2) are aer- 





Figure 855. Strasbourg municipal wastewater treatment plant serving the Strasbourg conurbation (eastern 
France). Capacity: 1,000,000 PE. 
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Figure 856. Flow sheet of plug-flow aeration tanks at the Strasbourg plant. 


ated and used for reactivation. The third (AN), 

which is mixed but not aerated, is the anoxic 

zone. The last three (Ci, C2 and C3) are aerated Nitrification can be achieved using the | 

and include the main nitrification zone. attached growth technique. In the case of | 
1270. The total capacity of the plant is 34,350m’. trickling filters, nitrification is either | 

Oxygenation is carried out using a DP 230 —_ achieved simultaneously with oxidation of - 

porous-disc fine bubble diffuser, immersed to the BODs, or as a second stage following an 

a depth of 4 m. initial activated sludge or attached | 
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Figure 857. Municipal wastewater treatment plant by biological filtration in Aire (Switzerland) for the city of 
Geneva. Flow rate: 90 m’.h'. A pilot plant using the Biofor biological filter. 


1. Biological treatment 


growth treatment stage. The latter, which 
uses plastic filter media, can be as much 
as 4 m high. Sizing is always critical and 
the process is generally a costly one (see 
p. 311). 


When using granular filter media, 
nitrification is generally performed after 
BODs is removed in an initial reactor. 
N-TKN loadings are 2 to 3 times higher 
than those admissible using a trickling fil- 
ter. 


1.6. 


BIOLOGICAL PHOSPHATE 
REMOVAL 


Primary settling removes only about 
10% of the phosphorus content of munic- 
ipal wastewater. 

Under bacterial action, polyphosphates 
are converted into directly assimilable 
orthophosphates. In raw water, 2/3 of the 
total phosphate content is in the form of 


Figure 857 shows an example of this 
type of plant consisting of two Biofor reac- 
tors in series, each with surface area of 
21.5 m’, containing a 3-m deep layer of 
Biolite filter medium. The first reactor is 
designed for an average flow rate of 
90 m’h', the second for a flow of 
60 m*h" supplied from the previous 
reactor. Treated effluent shows BOD; = 
25 mgl', NH<¢* = 3 mgt", correspond- 
ing to removal efficiency of over 89% for 
BODs, 88% for SS and 85% for N-TKN. 


polyphosphates and 1/3 in the form of 
orthophosphates. Following conventional 
biological treatment, that proportion is 
reversed. 

The mechanisms of phosphate removal 
by biological processes are described in 
Chapter 4, page 303. Some of the proc- 
esses are suitable for industrial applica- 
tions. Their common feature is that the 
biomass is subjected first to a period of 
anaerobiosis in contact with organic car- 
bon (raw water), then to an aerobic phase 





Anaerobic reactors 





Figure 858. The A/O process. 
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during which the previously released 
phosphorus is reassimilated, but in a sig- 
nificantly higher proportion. As a result, 
there is a higher concentration, and conse- 
quently a higher rate of removal of P 
from the excess sludge. Phosphorus re- 
moval is always combined with total or 
partial removal of nitrogen. 


1.6.1. Two-stage process 


In the A/O process (Figure 858) a cov- 
ered anaerobic zone is provided, in which 
raw water and return sludge from clar- 
ification are mixed by mechanical means 
in multiple cells. The activated sludge 
then flows into an aerated zone consisting 
of several compartments in series. Insert- 
ing an anoxic zone between the two treac- 
tors and recycling the mixed liquor results 
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Figure 859. Bardenpho process. 


in the modified Phoredox process (see 
page 1273). 

An alternative process entails injecting 
recycled activated sludge mixed with part 
of the raw water stream into an anaerobic 
settling tank equipped with scrapers. The 
sludge and the effluent from this settling 
tank, as well as the raw water make-up, 
are passed to the aeration tank. 


1.6.2. Four- or five-stage processes 


The Bardenpho 4-stage process (Fig- 
ure 859) initially developed for nitrifica- 
tion and denitrification has been proposed 
by Barnard to achieve a certain degree of 
phosphate removal. However, the difficul- 
ties encountered in providing a truly an- 
aerobic zone at the beginning of the treat- 
ment line have led to the 5-stage 
Phoredox process (Figure 860). 


Recirculated 
mixed liquor 


Return sludge 





Figure 860. Phoredox process. 


1. Biological treatment 


1.6.3. Three-stage processes 


1.6.3.1. Modified Phoredox process 


Industrial application of the Phore- 
dox process, with its five tanks in series 
and its clarifier, entails heavy invest- 
ment. This has caused several simplified 
versions of the process to be proposed, 
eliminating the second anoxic zone and 
the reaeration zone. The resulting loss of 
denitrifying capacity can be offset by 
increasing the capacity of the first 
anoxic zone, which contains the organic 
substrate. The results are virtually 
equivalent to the five-stage process (Fig- 
ure 861). 
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Figure 861. Modified Phoredox process. 


1.6.3.2. UCT (University of Cape 


Town) process 


Up to this point, all of the processes 
described have involved reinjection into 
the initial process stage of a flow contain- 
ing nitrates and perhaps some dissolved 
oxygen, which inhibits the activity of 
acid-forming bacteria and therefore the 
formation of the substrate required for 
the poly-P microflora to grow. 

The UCT process (Figure 862) should 
eliminate this problem by reinjecting the 
clarifier sludge into an anoxic zone located 
downstream of an anaerobic zone in the 
three-stage system. As long as the anoxic 
zone is denitrifying all of the effluents it 
receives, the anaerobic zone receives only 


Recirculated Recirculated 
mixed liquor mixed liquor 
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Figure 862. UCT process. 
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nitrate-free effluents. Theoretically, this 
independence with respect to the nitrate 
concentration of effluent can be main- 
tained for TKN/COD ratios on the order 
of 0.12, whereas the Phoredox process 
requires a ratio of less than about 0.08, 
characteristic of raw water with lower 
nitrogen concentrations. 


1.6.4. Selecting the best process 


Biological phosphate removal is 
strongly influenced by changes in effluent 
characteristics, kinetics of the reactions 
involved and the hydraulic design of the 
anaerobic and anoxic reactors. For exam- 
ple, having a plug-flow reactor is critical 
in the UCT process, but much less so in 
the Phoredox process. 

For the design of a phosphate removal 
system to be valid, the following influent 
characteristics must be known (with 
much greater accuracy than for a conven- 
tional plant): 


e COD, especially rapidly assimi- 
lable COD (which amounts to 15 - 
20% of the total COD for typical munici- 
pal wastewater). 

If the concentration of rapidly assimi- 
lable COD is lower than about 60 mg.l™ 
for average French municipal wastewater, 
then biological phosphate removal is not 
possible by any process, regardless of the 
total COD of the effluent. If it is greater 
than 60 mg.Jl', phosphate removal 
becomes more efficient as that value 
increases, as long as nitrates are kept out 
of the anaerobic reactor; 


e IKN/COD and P/COD ratios. 
Primary settling is not usually condu- 

cive to high rates of nitrogen and phos- 

phorus removal because it increases the 


TKN/COD and P/COD ratios. It does, 


however, enable a decrease in required 
capacity and reduce the total oxygen 
demand; 


e total alkalinity; 


etemperature (maximum and muini- 
mum). 


It would appear that the modified 
Phoredox process offers the best and sim- 
plest response to the various requirements 
of biological phosphate removal: 

- by the absence of oxygen, the anaerobic 
zone creates conditions for luxury uptake. 
The anoxic zone allows denitrification 
through the use of the organic carbon in 
raw water, 

— the aeration zone allows nitrification 
and removal of the organic carbon not 
utilized for the release of phosphorus or 
for denitrification, 

- like in conventional plants, the use of 
return sludge from the clarifier in the an- 
aerobic zone permits maintenance of an 
acceptable sludge concentration in all of 
the tanks. Return of mixed liquor allows 
the nitrates formed during the aeration 
phase to be reinjected into the anoxic 
zone, for reduction into nitrogen gas. 


1.6.5. Process limitations 

The necessary mass of rapidly assimi- 
lable COD is equal to about 10 times the 
mass of phosphorus removed. 

The nitrates get into the anaerobic zone 
and can disturb or stop biological phos- 
phate removal: acetate-producing bacteria 
use the nitrates as the final electron ac- 
ceptor, and therefore undergo the fer- 
mentation reactions that produce acetate. 
The readily assimilable carbon is first con- 
sumed by the denitrification process and 


1. Biological treatment 





Figure 863. Combination of biological and phys- 
tcal-chemical phosphate-removal processes on 
French municipal wastewater. 


is hence no longer available for the phos- 
phorus release reaction. 

Consequently, in the case of typical 
French municipal wastewater, only 50 to 
65% of phosphorus removal is performed 
by biological processes. To achieve phos- 
phorus | concentrations on the order of 
2 mg.l” (or less) in treated effluent, com- 
bined treatment must be considered, in 
which the remaining phosphorus is 
removed by chemical precipitation (see p. 
1296). Figure 863 shows, for an overall 
phosphorus removal rate of 80%, the rela- 
tive proportions removed by biological 
and physical-chemical processes. 


Recirculated mixed liquor 


Pretreated 
effluent 


1.6.6. Project example 


The Roanne treatment plant,, in 
France, has a capacity of 30,000 m’.d™! 
and serves 160,000 population-equiv- 
alents. It uses the modified Phoredox 
process (Figure 864) for biological remov- 
al of phosphorus from raw water follow- 
ing conventional pretreatment. 

The plant consists of two parallel treat- 
ment lines for removal of carbonaceous, 
nitrogenous and phosphorous pollutants. 


1.6.7. Precautionary measures dur- 
ing sludge treatment 


An excessive retention time in thicken- 
ing units leads inevitably to anaerobic 


conditions, and therefore to the possibility _1275_ 


of phosphorus release. The phosphorus is 
found in the supernatant that is usually 
returned to the plant inlet. Recycling of 
phosphorus-laden effluent can be avoided 
by: 

- selecting thickening and/or dewatering 
techniques that do not entail extended an- 
aerobiosis (such as thickening by flota- 
tion, like at the Roanne plant), 

— using lime to precipitate the phospho- 


Excess sludge 
to flotation and 


dewatering 


Return sludge 


Anaerobic tank Anoxic tank 
(2500 m?) (2500 m’%) 


Nitrification 
(7200 m°) 





Clarifier 
(dia. 54 m) 


Figure 864. Flow sheet of the Roanne treatment plant (central France). Removal of nitrogenous and phos- 


phorous pollutants. 
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= 


rus in the thickener, which also helps 
reduce odour. 

Along the same lines, chemical precip- 
itation of the phosphorus released in the su- 
pernatant of an anaerobic thickening unit 
located to receive part of the return sludge 


/ 
/ 


Figure 865. Aerial view of the Roanne plant (central France). Capacity: 30,000 m’.d™. 


reduces phosphorus content of the recycled 
biological sludge and enhances phosphorus 
assimilation (Phostrip process) by the activat- 
ed sludge in the aeration tank. This process is 
different from ordinary chemical precip- 
itation in the aeration tank (see page 1296). 





Lisle 
NIGHT SOIL 


Indicative values for night soil charac- 
teristics, which vary greatly from one site 
to the next, are given in Chapter 2, page 


hey 


1.7.1. Treatment 


Whatever the treatment technique se- 
lected, night soil requires pretreatment 
which must include: 

— a discharge facility suitably sized for 


the rate of delivery, equipped with meter- 
ing and odour prevention systems, 


— a system to trap large solids and, for 
large plants, sand and grease, 


— pumping and flow-regulator systems. 


In some cases, it may prove necessary 
to reduce the main odour source (HS and 
mercaptans). Other than precipitating the 
compounds as iron sulphide, the most 
common arrangement is to house all of 
the equipment in a closed building with 
air changes and deodorization of exhaust 
air. 





The main treatment techniques are: 


1.7.1.1. Treatment in combination 


with municipal wastewater 


In France, the following provisions are 
made: 

— night soil is admitted at the inlet to a 
plant equipped for biological treatment, 
- daily volume of night soil is less than 
2% of the daily dry weather flow of the 
plant; 

- BODs loading from the night soil 
-must not exceed 20% of the plant's 
nominal daily loading. 

Unless specific measures are taken, 
this frequently adopted solution does not 
afford a high quality effluent in terms of 
nitrogen removal. The quantity of night 
soil admitted to the treatment line 
should be modulated based on the var- 
iation in daily load provided from the 
system. 


1.7.1.2. Separate treatment using 
pure oxygen 


Pure oxygen treatment is generally on- 
ly an initial stage of the treatment proc- 
ess. Pure oxygen allows much higher ox- 
ygenation rates than air and as such is 
well suited to treatment of concentrated 
night soil; it also allows better odour con- 
trol. High BOD; loadings are possible: 
from 3 to 4 kg/m° .d. High activated 
sludge concentrations ranging from 15 to 
20 gl" can be achieved with removal 
rates in excess of 90% for BODs and 
80% for COD. Nitrate removal remains 
low. 


The use of pure oxygen requires a 
high rate of hydrocarbon and grease re- 
moval; temperature rise within the reac- 
tor also must be taken into account. 


1. Biological treatment 


1.7.1.3. Separate anaerobic treatment 


This is still a widely used process in 
the Far East. Digestion is often a two- 
stage operation, with a 30-day retention 
time and reactor temperature of 35°C. 
The digester supernatant has BODs of 2 
to 3 gl; following dilution, it is directed 
to a second stage of aerobic biological 
treatment. Retention time for this second 
stage is between 6 and 8 hours, corre- 
sponding fo a BODs loading of 0.4 to 
0.6 kg/m?.d. 


1.7.1.4. Flocculation-settling 


This technique, which is an initial 
treatment stage, is only applicable to 
diluted night soil. Ferrous sulphate (a 
precipitate of H2S) and lime are the most 
commonly used flocculant aids. 


1.7.1.5. Other treatment techniques 


Aerobic digestion by means of aeration 
alone can be considered, with retention 
times of about 12 days. 

Wet oxidation involving introduction 
of air into a pressurized reactor at about 
250°C is also applicable, but this results 
in more concentrated supernatants than 
the above technique. 


1.7.2. Project examples 


e Example 1: Combined wastewa- 
ter treatment 

The Louis-Fargue plant in Bordeaux, 
France. 


This biological treatment plant 
(equipped with pees tanks) handles 
a flow of 90,000 m’.d™, corresponding to 
a population of 300, ing (Figure 866). It 
consists of a night soil discharge area 
with a capacity of 350 m? for 12 hours, 
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equipped with eight discharge stations. 
Pretreatment facilities are housed in a 
closed building. Exhaust air is scrubbed 
with caustic soda for odour removal. The 
facilities include screening, grit removal 
and a homogenization unit with 
make-up water for dilution (100 m°*.h 
of treated effluent). This mixture is then 
pumped to the plant inlet for mixing 
with raw water. 


e Example 2: separate treatment 
Sivom de I'Ile d’Oléron (France). 


Annual production of night soil in this 
popular tourist region totals 35,600 m’, 
broken down as follows: 

- peak season (July-August): 24,600 m° 
consisting of: concentrated night soil 
(BOD; = 6 gl'): 150 m’d“, dilute 
night soil (BOD; = 1 gI'): 340 m’.d" 


— off season: 11,000 m°, or approxi- 


mately 40 m°’.d™' of concentrated night 
soil. 


The treatment, carried out in two sep- 
arate process lines, produces effluents suit- 
able for admission to the city water treat- 
ment plant, which was designed 
accordingly. 


The objective is to achieve an average 
removal rate of 90% of the BODs for 
concentrated night soil and a decrease of 
40 to 50% for dilute night soil (Figure 
867). 


e Example 3: combined treatment 
Metamorphosis/Attica plant in Athens, 
Greece. 


This facility provides full treatment of 
20,000 m°.d' of municipal wastewater 
(65,000 PE) and 24,000 m°’.d™ of raw 
and highly dilute night soil (characteristics 
as follows in mgl': BOD; = 


1,200, 





Figure 866. Aerial view of the water treatment plant in Bordeaux, France, serving the Bordeaux conurba- 


tion. Capacity: 90,000 m’.d". Aerial view. 
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Figure 867. Flow sheet of the night soil treatment plant at Sivom de I'Ile d'Oléron. Agno 





Figure 868. Metamorphosis/Attica combined treatment plant for municipal wastewater and night soil 
(Athens, Greece). Discharge area accommodating 2 X 15 tankers of 20 m’ capacity simultaneously. 


1280 


Chap. 24: Municipal wastewater treatment 


COD = 4,000, SS = 2,300, N-TKN = 
320 of which NH4” = 290). 

After conventional pretreatment with 
removal of H2S by the addition of iron 
sulphate, night soil is flocculated using 
lime, then settled and thickened (Figure 
869). 

Removal efficiency ranges from 85 to 
90% for SS and from 65 to 70% for 
BODs. The clarified supernatant under- 
goes activated sludge treatment concur- 
rently with the pre-settled municipal 
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wastewater. Final effluent has BOD; 
< 20 mg.I" and SS content < 30 mgl™. 

Excess sludge resulting from biological 
treatment and collected in the primary 
settling tank is pumped to the digester at 
the same time as the sludge resulting 
from night soil clarification. Following 
flocculation using a polymer, digested 
sludge is dewatered on four Superpress 
belt filters (belt width: 3 m). The dry sol- | 
ids content of the resulting cake ranges | 
from 29 to 33%. 


Clarification Chlorination 


sludge (2xdia.42 m) 


( 21,000 m°) 


BOD, = 400 
SS =230 


mg.1} 
a 
aL 


Thickener dia.20 m 
Gasholder 4 


1,000 m° Superpress units 


Digestion 
Secondary 
3,000 m? 


Dewatering 


Figure 869. Process flow sheet of the Metamorphosis/Attica plant in Athens, Greece. 
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Figure 870. View of combined pretreatment facility (night soil and municipal wastewater) at the Meta- 


morphosis/Attica plant in Athens, Greece. 


1.8. 
TREATMENT 
QUALITY 


The quality of biological treatment de- 

pends on far more than the biological 
parameters themselves. Two essential 
conditions must be satisfied to ensure 
optimum efficiency of a biological reac- 
tor: 
- appropriate hydraulic design of the 
various plant units, particularly the sec- 
ondary settling tanks for activated sludge 
treatment, 


- excess sludge must be extracted 
reliably and without constraint and 
sludge treatment facilities must be of 
suitable capacity. 


To ensure efficient pretreatment and 
primary settling of raw water upstream of 
the biological treatment stage, and to 
avoid overloading the biological treatment 
units, it is imperative that wastes and pri- 
mary sludge be removed regularly. 


1.8.1. Settling test 


The test of settling volume of activated 
sludge which allows the determination of 
the Sludge Volume Index (SVI), also 
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known as the Mohlman Index, is one of 
the most important routine checks (see p. 
163). This index: 

- reflects the settleability of sludge and 
the optical quality of the supernatant, 

- allows approximate determination by 
default of the sludge return flow rate Q, 
required to maintain a given concentra- 
tion C (expressed in g.l") in the activated 
sludge liquor of the aeration tank: 


ie = ae with SVI expressed 


in cm’.g”'. However, Q, must not exceed 
the limit value beyond which turbulence 
created in the settling tank becomes exces- 
sive. 

Another empirical formula provides an 
indication of the maximum possible con- 
centration C, max in return sludge: 


1 200 


C max = 
SVI 

To obtain a sufficiently representative 
SVI, the test should be conducted on a 
sludge sample such that the final volume 
of sludge, after a 30-minute sectlin time, 
ranges from 150 to 300 cm’.g”'. This 
sometimes requires preliminary dilution 

with treated effluent. 


1.8.2. Checking dissolved oxygen 


This check is essential in the case of ac- 
tivated sludge processes so that oxygen 
supply can be calibrated to needs. If 
extensive use is made of electrometric 
probes, readings can be taken in many 
different points. 

Complete mixing tanks are an advan- 
tage in this respect. In general, a single 
measurement taken at a given point in 


the tank provides a representative signal 
to the oxygen production system, which is 
regulated accordingly. This is not true for 
stepped-feed or plug-flow tanks. The 
choice of multiple or single measurement 
points is made based on the size of the 
plant. In the case of several measuring 
points, oxygen needs are defined by com- 
parison or weighting of the measurement 
results. The location of a single measuring 
point is finally defined only following an 
experimental phase of observation and 
optimization, which must take into ac- 
count variations due to fluctuating flow 
rate throughout the day. 

The dissolved oxygen content of aer- 
ation tank effluent must be clearly posi- 
tive (= 1.5 mgl') to preclude fer- 
mentation or denitrification in the 
secondary settling tanks. The oxygen con- 
tent required in other sections of the tank 
depends on the latter's hydraulic design as 
well as on the type of treatment (partic- 
ularly anoxic and anaerobic zones in the 
case of denitrification and phosphate re- 
moval). In the case of removal of carbo- 
naceous pollution only, the O2 content as 
measured by the probe must remain 
above 0.5 mg.l”. In nitrification zones, 
OQ, content must sometimes exceed 
2mg.l™. In this case measurement of 
redox potential is a useful monitoring aid, 
as it can provide an indication of the evo- 


lution of N-NH,4 and N-NO; contents. 


1.8.3. Bulking and foaming of acti- 
vated sludge 


These two phenomena can cause a 
sharp drop in the quality of treated water 
due to massive entrainment of SS outside 
the secondary settling tank. 





1.8.3.1. Bulking is due to the growth of 
filamentous bacteria which become tan- 
gled, leading to slow settling and poor 
thickening: the sludge “swells”. The 
sludge occupies considerable volume, 
whereas the small quantity of interstitial 
water released by the highly cross-linked 
mass is limpid. The SVI, of which the 
optimum value generally falls between 
50 and 100 cm 2 can reach or even 


exceed 500 cm’.g™. 


A wide variety of filamentous 
microorganisms are encountered such as 
Sphaerotilus natans, Thiotrix sp., Lacto- 
bacillus sp., Microthrix parvicella, Nocar- 
dia, Eikelboom identification key types 
0041, 0092, 021N, 1701; fungi such as 
Leptomitus sp. and Geotrichum candi- 
dum. This phenomenon can occur under 
varied F/M ratios; low-rate or extended 
aeration systems are by no means 
‘exempt. Bulking rarely occurs, however, 
on extremely high-rate systems (F/M 
ratio > 1 kg BODs/kg SS.day) in which 
the poor quality of interstitial water is 
usually due to incomplete flocculation 
rather than to bulking. 


Adding coagulants (such as iron salts) 
affords some improvement in the settle- 
ability of a sludge, but the solution is a 
costly one, usually applied only to tem- 
porary bulking. Oxidising agents can also 
be added to activated sludge to promote 
the partial or complete removal of fil- 
amentous organisms. This is generally 
done at the recirculation stage, with chlo- 
rine being the most frequently used ox- 
idising agent, in a dosage of a few 
grammes per m’. Filamentous organisms 
ate particularly sensitive to oxidising 
agents due to their high surface/mass 
ratio. 


1. Biological treatment 





Another cause of bulking in activat- 
ed sludge is an imbalance (excess sugar 
or starch) or deficiency (N, P) in nutri- 
tive elements in the substrate, a fre- 
quent occurrence in food-industry 
wastes. 


However, the primary cause for 
bulking must be sought in the hydrau- 
lic design of the reactor and in its ox- 
ygenation conditions, which can create 
an environment conducive to the devel- 
opment of filamentous organisms. The 
“selector” technique is often effective. 
This involves providing a brief (less 
than 15-minute) mixing stage prior to 
biological treatment. Here, return 
sludges are contacted with all the raw 
water under aerated conditions, for the 
purpose of promoting growth of floccu- 
lating bacteria rather than filamentous 
bacteria, which have a lower growth 
rate in media rich in rapidly assimilable 
organic substances. 


1.8.3.2. Foaming is characterized by de- 
velopment of a scum layer of varying 
thickness at the surface of the aeration 
tank. 


It is often associated with devel- 
opment of filamentous bacteria and/or 
with incomplete decomposition of orga- 
nic matter (especially . polypeptides), 
resulting in formation of highly sur- 
face-active compounds. Insufficient 
mixing (and oxygenation), insufficient 
redox potential values, excessive SS 
concentrations (especially grease) all 
promote the formation of scum. Hy- 
draulic design of the reactor and its 
connections with the secondary settling 
tank are also factors. 


1283 


Chap. 24: Municipal wastewater treatment 


1.8.4. Doping of the treatment sys- 
tem 


To compensate for specific character- 
istics of the raw water, insufficient size or 
faulty plant design, agents external to the 
standard biological treatment process are 
sometimes needed as temporary or on- 
going treatment. In addition to nutritive 
agents that may be added to compensate 
for deficiencies in industrial waters and 
thereby maintain the BODs/N and 
BODs/P ratios at 20 and 100 respec- 
tively, three other “doping” techniques are 
prevalent. 


e Flocculants and coagulants 
These compounds aim to activate set- 


1284 tling or improve the quality of interstitial 


water, in the case of dispersed biological 
floc. They are more rarely used for munic- 
ipal wastewater treatment than for strictly 
industrial wastewater (such as wastes 
from synthetic chemistry). They are most 
commonly used in phosphate removal by 
simultaneous chemical precipitation (see 
page 1296). 
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I — Raw water. 
2 - Treated effluent. 


3 - Superoxygenation cell. 
4 - Aeration tank. 


e Activated carbon 

Powdered activated carbon (PAC) 1s 
sometimes used in activated sludge at 
dosages of 10 to 50 g.m°. Its purpose is 
two-fold: 
— to decrease the quantity of non-bio- 
degradable organic pollutants and adsorb 
elements that are toxic for microorgan- 
isms, 
- to weigh down activated sludge and 
facilitate settling. 


Reactivation of the carbon lost in 
excess sludge by wet oxidation of the 
adsorbed matter has been proposed. 


Addition of PAC, which can be consid- 
ered for certain chemical industry waste- 
waters, is not suitable in the treatment of 
strictly domestic wastewater, for which 
the incremental improvement in treat- 
ment efficiency generally cannot justify 
the sharp rise in operating costs. 


e Pure oxygen 

In some cases, a seasonal deficit in the 
oxygen level of a plant can be offset by 
the addition of pure oxygen (Fig. 871). 
The highest rates of pure oxygen use are 
achieved in covered tanks (see page 713). 





5 - Clarifier. 
6 — Pure 0). 


Figure 871. Flow sheets of oxygen doping in a separate cell. 
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1.8.5. Regulation of biological 
treatment 


In seeking process automation of an ac- 
tivated sludge treatment plant, the follow- 
ing priorities must be kept in mind: 

- flow splitting among the treatment 
lines, 


- control of oxygenation systems to: 


e maintain the desired dissolved oxygen 
levels (and the rH levels) in the activat- 
ed sludge, between the minimum and 
maximum values defined for key 
points in the reactor, compatible with 
the selected treatment process, 

e reduce energy consumption, 


— monitoring of the sludge level and/or 
supernatant quality in secondary settling 
tanks (regulating the supply flow and the 
sludge return flow where necessary), 


— extraction of excess sludge at a fre- 
quency that is either constant or pro- 
grammed daily, with ability to modulate 
based on the treated flow, the sludge level 
in the secondary settling tanks, the SS 
concentration in the activated sludge liq- 
uor, Or a representative measurement of 
pollution concentration in the raw water. 


The difficulty in obtaining a contin- 
uous, reliable measurement that is repre- 
sentative of pollution concentration stands 
as the main obstacle to optimum auto- 
matic control of the treatment process. 
However, the significance of this problem 
should not be exaggerated, at least as 
regards municipal wastewater treatment 
plants, due to the extensive retention time 
and the inherent inertia of the treatment 
process. 


Control of the hydraulic parameters of 
plant operation is therefore second in 
importance only to control of oxy- 
genation. 
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2. PHYSICAL-CHEMICAL TREATMENT 





Dil, 
GENERAL 


The term “physical-chemical  treat- 
ment” usually refers to treatment applied 
to raw wastewater and involving floccula- 
tion or precipitation, followed by liquid- 
solid separation (by settling or flotation). 

Such processes can be used alone, in 
which case they result in only partial re- 
moval of pollutants, or as a preliminary 
to biological treatment by activated 
sludge. In the latter case, their aim is to 
reduce the pollutant load applied to the 


biological treatment stage either perma- 
nently, as in the combined treatment of 
highly polluted municipal and industrial 
wastewaters, or temporarily, as in the 
case of treatment plants serving a var- 
iable population. Physical-chemical treat- 
ment is also an ideal pretreatment for 
attached growth treatment processes and 
is often applied in this case. 


Progress achieved in the area of lamel- 
lae settling tanks and the development of 
new flocculating agents have stimulated 
mew interest in physical-chemical treat- 
ment. 


Advantages Disadvantages 


e Virtually immediate adjustment to 
load variations. 


e Higher removal efficiency than pri- 
mary settling alone. 


e Good particle removal. 


e Compact facilities, less environmental 
impact. | 


e Simultaneous phosphate removal. 





Experience has shown that the type and 
dosages of reagents required vary greatly 
with wastewater composition. Floccula- 
tion trials are useful in determining the 
most suitable aids, in accordance with the 
following general guidelines: 





e Lower removal efficiency than biolog- 
ical treatment (no removal of dissolved 
pollutants). 


e Greater sludge production. 


e Cost of reagents. 


e Risk of colouring (iron salts in septic 
waters). 





- synthetic polyelectrolytes are highly 
specific. When used alone, they cause 
flocculation of a fraction of colloids. For 
fresh, diluted wastewater, anionic reagents 
are suitable, while for septic, concentrated 
wastewater, Cationic reagents are appro- 


2. Physical-chemical treatment 


priate. Cationic reagents are commonly 
used in flotation. 

With a suitable reagent at the proper 
dosage, settling can remove as much as 
60% of the BODs and 75% of the SS. 
Therefore, synthetic polyelectrolytes are 
usually used in binary compounds with a 
metal salt such as chlorinated copperas, or 
in ternary compounds that include lime; 


- iron and aluminium salts can be 
used with polyelectrolytes or lime; the 
first combination promotes flotation, the 
second, settling. The effect of reagent or 
flocculation aid dosage on SS and COD 


COD removal % 


>600 g.m? 
500-600 


200-300 400-500 


300-400 





Figure 872. Effect of raw water concentration and 
ferric chloride dosage on COD removal efticiency at 


the Cannes treatment plant (France). 





or BOD; removal efficiency can be 
graphed for a given wastewater (Figures 
872 and 873). Removal rates of 75% may 
be expected for BODs, and more than 
90% for SS. Like for surface water treat- 
ment, the required flocculant dosage is 
temperature-dependent, 


- lime treatment, at a high pH (at 
least 11.5), with addition of a moderate 
quantity of iron salts gives results 
equivalent to the above treatment while 
also affording a significant degree of dis- 
infection. However, water treated by 
this process must be neutralized prior to 
discharge or subsequent biological treat- 
ment, and this entails high consumption 
of acid reagents. Furthermore, adding 
high dosages of lime changes the car- 
bonate balance of the water, leading to 
scaling of equipment and clogging of 


pipes. 


COD removal % SS removal % 


FeCl, + polymer 


FeCl, + lime 


FeCl, + polymer 


50 100 150 FeCl,dosage g.m® 


Figure 873. Effect of ferric chloride dosage on effi- 
ciency of flocculation-settling. 
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Bue 
FLOCCULATION AND 
PHYSICAL SEPARATION 


Providing some degree of mechanical 
or hydraulic flocculation of municipal 
wastewater without use of chemical re- 
agents improves the efficiency of static 
settling by increasing the contact between 
suspended particles. 


Chemical flocculation applied to mu- 
nicipal wastewater follows essentially the 
same rules as surface water flocculation 
treatment, but entails simpler equipment 
because the greater particle content of 
wastewater facilitates particle contact. 


In contrast to straining, which gives 
random and unpredictable results, static 
settling promotes good separation with 
heavy sludge. In cylindroconical settling 
tanks, upflow velocities should not exceed 
1.5 mh’ when using polyelectrolytes 
alone, and 2 m.h™' when polyelectrolytes 
are combined with metal salts. Although 
lime can be added as an aid, it is not usu- 
ally necessary. 


Settling tanks equipped with internal 
sludge recirculation systems such as the 
Turbocirculator and the Claricontact per- 
mit higher upflow velocities and lower re- 
agent doses. 


ZO 
PHYSICAL-CHEMICAL TREAT- 
MENT + ATTACHED GROWTH 


Combining physical-chemical _ treat- 
ment with a subsequent biological treat- 


Sédipac lamellae settling tanks accom- 
modate peak hydraulic loads of up to 
15 m’/m’.h. Pretreatment applied in con- 
junction with these tanks must include 
straining and careful grease removal. 


Combining a lamellae system with a 
settling unit equipped for sludge recircu-. 
lation such as Densadeg results in a com- 
pact unit designed for peak hydraulic 
loads of 20 m?/m/7.h. 


The drawback of many lamellae set- 
tling systems is that they produce rather, 
diluted sludge that requires subsequent 
thickening. If the sludge contains iron or 
aluminium hydroxides, the thickening: 
process is slow and results in maximum. 
SS concentrations no higher than 35- 
40 gI"', unless reagents are added. The! 
Densadeg unit, which is equipped with a 
built-in thickener, offers the significant: 
advantage of producing sludge concen-! 
trated enough to draw off and transfer 
directly to the dewatering plant. 


Dissolved air flotation is another proc-' 
ess featuring the formation of concen-: 
trated sludge (SS > 50 g.I') without sub-' 
sequent thickening. However, the 
technique is subject to limitations, in that 
peak velocity cannot exceed 10 m.h™' and 
that specific reagents (cationic polyelectro- 
lytes) are often required to enhance 
rien of the microbubbles of gas to 
floc. 


ment stage leads to extremely high treat- 
ment efficiency. Applying the attached 
growth process makes for a compact treat- 
ment unit able to adjust quickly to load 
variations. 

The attached growth process can be 


2. Physical-chemical treatment 


carried out through a preliminary addi- 
tion of oxygen to be dissolved in influent 
water (Figures 874 and 875), or by inject- 
ing air into the reactor, as in the Biofor 
and Biodrof processes. 

A combination of the Densadeg and 
Biofor unit processes is especially efficient 
and has been implemented in plants like 
Gréoux-les-Bains (Figures 877 and 878), 
a spa with a year-round population of 
2,000 and 20,000 residents in peak sea- 


son. Wastewater is pumped to the plant 
for treatment flow rates between 
75 mh and 400 m*h"', 

In Figure 878, treatment efficiencies 
with and without reagents are compared 
for a flow rate of 75 m*.h' over a 24- 
hour period. The efficiency of the Densa- 
deg system for particle removal, and of 
Biofor for removal of dissolved pollutants, 
is highlighted. Numerical results are sum- 
marized in the table below. 


Table 85. Gréoux-les-Bains — Treatment efficiencies. 











Turbidity % 
SS % 
Total COD % 
Soluble COD % 
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1 - Raw water. 8 — Pressurization. 
2 - Flocculator. 9 - Filcration. 
3 - Coagulant. 10 - Treated effluent. 
4 - Flocculant. 11 - Sludge storage tank. 
12990 9 ~ Sédiflocazur. 12 - Milk of lime. 
— 6 = Floated sludge pit. 13 - Conditioning tank. 
7 - Pure oxygen. 14 - Filter press. 


Figure 874. Flow sheet of the Briangon-Serre-Chevalier treatment plant, France. 





Figure 875. Briancon-Serre-Chevalier municipal wastewater treatment plant (France). Capacity: 1,500 to 
4,500 PE. Flotation and biological pressure filtration with pure oxygen doping (Oxyazur). 
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Lifting by submersible pumps. 

Pretreatment: 

+ mechanical screening 

* aerated grit removal 

* grease removal 

* straining 

Lamellae primary settling unit with 
built-in thickener (Densadeg). 

Attached growth biological treatment 
(Biofor). 
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Physical-chemical treatment 





Wash water tank. 

Tank for recovery of waste wash water. 
Recirculation of waste wash water. 
Fresh sludge pumping to dewatering. 
Mechanical dewatering by Superpress 
belt filter with combined polymer and 
flocculation aid feed. 

Filtrate and filter belt wash water recir- 
culation. 


Figure 876. Flow sheet of the Gréoux-les-Bains treatment plant, France. 





Figure 877. Gréoux-les-Bains municipal wastewater treatment plant (France). Flow rate: 75 m’ to 
400 m?.h'. Treatment by biological filtration. View of Biofor filters. 
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3. Tertiary treatment processes 


3. TERTIARY TREATMENT PROCESSES 





GENERAL 


Tertiary treatment is aimed at improv- 
ing the characteristics of an effluent fol- 
lowing biological treatment. 

Depending on the final effluent quality 
sought and the intended reuse application 
(see page 81), tertiary treatment involves 
some or all of the following treatment 
options: 

- polishing, which achieves further 
reduction in SS as well as BODs, 


3.1. POLISHING 
TECHNIQUES 


Polishing in municipal wastewater 
applications is carried out essentially by 
physical and biological processes. Process 





BOD; SS 
mg.” mg." 


BOD; 
mgl" 












3.1.1. Polishing lagoons 


A widely used biological technique is 
the polishing lagoon (see page 324). 
Given the low SS and BODs levels, de- 


Effluent to polish 


mg" 





— chemical phosphate removal, alone 
or in conjunction with biological phos- 
phate removal, 

- nitrification, with or without denitri- 
fication, if it has not been carried out in 
previous stages, 

- removal of non-biodegradable 
COD as well as toxic organic or mineral 
substances, 

— removal of colour and detergents, 
- removal of pathogens and para- 
sites. 


selection depends on influent character- 
istics, treatment goals and available space. 


The following table summarizes treat- 
ment efficiency of the most commonly 
used polishing techniques: 





Technique 





SS 









Lagooning 
Filtration 
Biological filtration 
(Biofor, Biodrof or equiv.) 
Biological filtration 
Flocculation/Clarification 












posits are small and only infrequent clear- 
ing is necessary. A lagooning time of 48 
hours at 15°C lowers the BODs level of 
the effluent from 40 to 20 mg.l™. 
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The main advantage of polishing 
lagoons lies in their bacterial disinfecting 
action, which varies in efficiency from sea- 
son to season. In treated municipal waste- 
water, a 30-day retention time at 15°C 
reduces content of indicator germs from 
10° to about 10° per 100 ml (see page 
324). 


3.1.2. Filtration 


The most widespread polishing process 
is plain filtration, also known as tertiary 
filtration. 

When applied to secondary effluent of 
municipal wastewater, this essentially 
physical process allows a 50 to 80% reduc- 
tion in SS levels with removal of 30 to 40% 
of the carbonaceous organic pollution. 

The sand used is characterized by an 
effective particle size range of 0.95 to 
2 mm. Below these values, filter runs are 
too short; with a coarser medium, treat- 
ment efficiency is insufficient. The depth 
of the filter bed ranges from 1 to 1.5 m. 
Treatment efficiency is influenced by fil- 





tration rates, which vary from 5 to 
30 m.h” depending on filter bed depth. 
Efficiency tends to drop off sharply at fil- 
tration rates over 20 m.h”’. 


In-line flocculation is a technique 
sometimes used in cases where a high 
degree of phosphate removal is required 
by chemical process (see page 1296). 


3.1.3. Biological filtration 


Adding oxygen enhances the removal 
of BODs by promoting bacterial growth 
in the filter. 


With the use of a porous medium like 
Biolite, which retains a sufficient biomass 
even after backwashing, tertiary filtration 
becomes tantamount to the attached 
growth biological process: SS removal effi- 
ciency ranges from 50 to 80%, depending 
on the characteristics of the filter 


medium. Removal of BODs generally 
ranges from 40 to 60%. 


Municipal wastewater treatment plant with tertiary treatment, at Bex, Switzerland. 








Figure 879. Treatment plant in Mannheim, Germany. Dry weather flow: 14,000 m’.h’. Municipal waste- 
water treatment by biological filtration using 32 Biodrof units. 


Based on the specific characteristics of 
the effluent and the desired polished 
water quality, the biological filter can be: 
— of the dry downflow type such as Bio- 
drof, in the case of effluents from over- 
loaded biological treatment facilities, 

- of the submerged downflow type such 
as Oxyazur, 

- of the submerged upflow type such as 
Biofor, especially if high removal effi- 
ciencies of organic pollution and/or nitri- 
fication are sought. 


3.1.4, Flocculation-clarification 

Although the flocculation-clarification 
process as a follow-up to biological treat- 
ment is most often applied to industrial 
wastewater, it is also applicable to munic- 
ipal wastewater particularly in elaborate 
recycling process lines (involving fine fil- 
tration and activated carbon). 


3. Tertiary treatment processes 





The flocculation-clarification process 
also serves as a safety barrier against 
unwanted discharge of suspended solids 
(due to entrainment of the top sludge 
layer from secondary settling tanks, for 
example). 

If filtration with or without a floccu- 
lant is being considered for effluents con- 
taining less than 60 mg.l" of SS, floccula- 
tion must be carried out, followed by 
clarification or flotation in the case of 
more concentrated effluents. In most 
cases, pilot plant studies will allow deter- 
mination of the best technical parameters. 

Flotation can be applied with velocities 
of 3 to 6 mh” and results in the produc- 
tion of highly concentrated sludge. 

The commonly-used conventional set- 
tling process is sized for much lower veloc- 
ities, but space savings may be achieved if 
lamellae settling tanks are used. 
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32: 
PHOSPHATE REMOVAL 


Unless a treatment plant is specifically 
designed to provide biological phosphorus 
removal, low rates of phosphate removal 
are achieved. Even where phosphorus re- 
moval is provided, the raw water charac- 
teristics may not permit a sufficient rate 
of removal. In this case, chemical phos- 
phate removal, using reagents to produce 
precipitates of insoluble compounds, is 
required. 


Aluminium salts, iron salts and lime 
are the most commonly used reagents for 
industrial applications. 


When aluminium sulphate or ferric 
chloride is used, the main reaction is the 
following: 


M** + POY — MPO, 


Secondary reactions also occur with the 
bicarbonate compounds in the water: 


MM + 3HCO3 — M(OH)3 + 3CO> 


These secondary reactions reduce the 
alkalinity of the water and lower the pH 
to some degree, depending on the buffer 
capacity. They are also a factor in higher 
reagent consumption. In general, to 
achieve a P content of less than 1 mg, 
the molar ratio M/P must be between 1.5 
and 2. 

Aluminium can also be added in the 
form of aluminate. With sodium alu- 
minate, the following main reaction takes 
place: 


Na2O. ALO; + 2PO;, + 4H,O 
— 2AlIPO4+ 2NaOH + 6O0H™ 


As in the previous case, secondary reac- 
tions can occur, particularly with the 


bicarbonates and the water molecules, 
with the latter combining to form 
AI(OH)3. Unlike the use of aluminium 
sulphate or ferric chloride, use of alu- 
minate tends to raise the pH. 


The mechanisms of lime precipitation 
differ somewhat from those described ear- 
lier (see page 153). The solubility of apa- 
tite is extremely pH-dependent. When 
pH is higher than 9, the lime reacts with 
the bicarbonates resulting in calcite pre- 
cipitates. A further increase in pH is then 
required to achieve a low phosphorus con- 
tent. This in turn causes precipitation of 
Mg(OH), which, in turn, consumes more 
of the reagent. The main consequence of 
adding lime is, of course, an increase in 
pH that must then be lowered to neutral- 
ize the solution following separation. 
Phosphate removal using lime is compat- 
ible with nitrogen removal by air strip- 
ping. 

There are two viable options: simulta- 
neous precipitation, in which an alu- 
minium or iron salt is added to activated 
sludge, or separate precipitation, which 
is tantamount to a third treatment stage. 


Simultaneous precipitation gives re- 
moval efficiency of 80 to 90%. Activated 
sludge becomes heavier, the Sludge Vol- 
ume Index falls. Methane fermentation of 
sludge is unaffected by the presence of 
metal salts. 


Separate precipitation calls for sub- 
stantial quantities of flocculation aid to 
achieve proper clarification (in a lamellae 
settling tank or by flotation). 


Separate precipitation is usually 
applied after simultaneous precipitation, 
as a polishing technique. In this case, sep- 
aration is carried out by filtration, and 
effluent phosphorus content drops to 
0.2 mg.” or below. 


3. Tertiary treatment processes 


Bes 
NITROGEN REMOVAL IN 
TERTIARY TREATMENT 


If nitrogen has not been treated during 
the secondary biological treatment stage, 
it can be broken down during a third 
stage such as nitrification mediated by ac- 
tivated sludge, or preferably, biological fil- 
tration followed, where appropriate, by an 
additional denitrification stage. 

Physical-chemical removal of nitrogen 
can also be considered. This entails 


3,4. 

REMOVAL OF NON- 
BIODEGRADABLE 
POLLUTION 


Further treatment may be required 
when a high quality effluent is needed for 
reuse, or if an effluent contains consid- 
erable levels of industrial pollution with 
high COD levels or intense colour. 
Adsorption by activated carbon is appro- 
priate. 

Activated carbon may be added to acti- 
vated sludge in powder form (see page 
1284). It can also be used in granular 


Se 
DISINFECTION (partial) 


Treated wastewater sometimes under- 
goes partial disinfection to remove patho- 
genic microorganisms. Regulations in this 
respect differ widely from one country to 
another. The objective of this treatment 
step is a significant reduction in indicator 


increasing pH to at least 11 through addi- 
tion of lime to displace the NHi ions and 
remove ammonia by air stripping. How- 
ever, this process, which can be combined 
with phosphate removal, is rarely applied 
due to its high capital and energy costs. It 
is also sensitive to temperature and pre- 
cipitation. 

Various attempts have been made to 
use ion exchange techniques on resin or 
natural zeolite (clinoptilolite) beds. These 
experiences have not led to significant 
implementation on an industrial scale. 


form for filtration, in which case it is 
worthwhile to remove virtually all of the 
biodegradable pollution in a preliminary 
phase, to avoid growth of bacteria in the 
activated carbon bed. 


The adsorption capacity of activated 
carbon varies from 200 to 400 g of COD 
per kg of activated carbon, depending on 
the type of pollutant involved. Regener- 
ation of spent carbon can be carried out 
by thermal or chemical process. 


If the process includes a downstream 
membrane unit, bacterial disinfection 
must be provided following the activated 
carbon stage. 


organisms, with treatment goals of 100 or 
1000 total coliforms/100 ml. 

Although a reduction in coliforms is 
indicative of the removal of Salmonella or 
Shigella, the relationship does not hold for 
viruses, especially the hepatitis virus. 

Disinfection is recommended when 
treated wastewater is earmarked for use in 
aerosol spray watering systems. Only heat 
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treatment can ensure complete disin- 
fection of effluent containing large num- 
bers of pathogens. 


Polishing lagoons are an effective 
means of disinfection, but require consid- 
erable space and specific temperature con- 
ditions (see p.1293). 


The most common method of chem- 
ical disinfection (see page 252) involves 
the use of chlorine. For the process to be 
effective, a sufficient residual content 
must be maintained and contact time of 
at least 20 minutes must be provided in a 
contactor equipped with baffles to create 
plug flow conditions. To achieve a 99.9% 
reduction in the number of coliforms, 
chlorine dosages are as follows: 





— following physical-chemical treatment: 
3 to 10 mgl', 

— following biological treatment by acti- 
vated sludge: 2 to 10 mg’, 

- following biological treatment and sand 
filtration: 2 to 5 mg. 

The higher the treatment level prior to 
chlorination, the more apparent the disin- 
fecting action of chlorine becomes. In par- 
ticular, an extremely high proportion of 
suspended solids must already have been 
removed. The presence of NHi inhibits 
the bactericidal action of chlorine by 
reacting to form relatively inactive chlora- 
mines. Therefore, a nitrification-denitrifi- 
cation process is a factor in successful 
chlorine disinfection. This drawback can 
be tempered by use of chlorine dioxide. 
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Figure 880. Treatment plant in Taif (Saudi Arabia). Capacity: 67,000 m’.d'. Overall view. 


3. Tertiary treatment processes 


To prevent the formation of orga- 
nochlorinated compounds likely to prove 
toxic to the flora and fauna of the receiv- 
ing medium, the use of bromine or, pref- 
erably, ultraviolet radiation may be 
considered. Despite the appeal of adding 
no reagents to the water, the latter tech- 
nique is costly primarily due to the nu- 
merous low-capacity components involved 
(power of each lamp). Process control is 
difficult for the same reason. 

Removing chlorine after chlorination 
treatment considerably reduces the toxic- 
ity of reaction by-products. SO2 gas is the 


best agent for this final treatment step. 
The required SO2 dosage is on the order 
of 1 g per gramme of residual (combined) 
Cl2. Too much SO lowers the pH of the 
discharge effluent. 

Ozone is both a powerful disinfectant, 
acting especially on viruses, and an ox- 
idizing agent acting on organic matter. It is 
particularly well suited to biological treat- 
ment plants that use pure oxygen (due to 
the reuse of ozone generator carrier gas in 
the biological reactor). Use of ozone is also 
required in treatment lines that recycle 
wastewater for human consumption. 
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4. EFFICIENCY OF EFFLUENT 


TREATMENT PROCESSES 


4.1. 
OVERVIEW OF 
TREATMENT PROCESSES 


Municipal wastewater treatment may 
involve, individually or in combination: 


- physical treatment units: 


e pretreatment (screening-straining, grit 
and grease removal), 


e primary settling to remove settleable SS, 


- physical-chemical treatment units 
which remove colloidal matter by coag- 
ulation, in addition to settleable SS, 


— biological treatment for partial or com- 
plete removal of carbonaceous or nitroge- 
nous pollutants. One unit can sometimes 
consist of two successive biological treat- 
ment stages, 


— teftiary treatment units. 





A treatment plant can only operate 
efficiently if it consists of appropriate 
sludge treatment facilities designed for 
regular sludge removal (see subchapter 5). 

Water treatment and sludge treatment 
lines are interdependent, especially in that 


sludge liquors are returned to the plant 
inlet. 


Efficiency of various treatment units 
and lines 


Table 86 compares the average treat- 
ment efficiencies that can be expected un- 
der standard design conditions, for mu- 
nicipal wastewater with a 30% non-toxic 
industrial wastewater content showing the 
following average characteristics: 


TKN 
250 gm” |P 
500 g.m™ 


SS 250 gm” 
BOD; 
COD 


50 gm” 


10 g.m° 
TDS 1200 om 
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4.2. 4.2.1. Bex township, Switzerland 

EXAMPLES 

OF COMPLETE This plant treats effluents discharged 
, into the Rhéne River upstream from Lac 

TREAT [ENT Léman and ensures a high degree of phos- 

LINES phate removal (Figure 881). 






















RW 
PE 7,700 ¥. 
Daily flow rate 2 695 m*.d? Lifting Screw 
Maximum flow rate 325 m*.h? : 
Screening 
BOD, load 518 kg.d? fe Pretreatment Grit removal 


SS load 693 kg.d? Grease removal 

1 
TKN load 116 kg.d? 1 

1 Ca(OH), 
P.,, load 23 kg.d? r 






100m? 


1 Simultaneous & 
; phosphate removal % Thickening 
1 =) 
i Biological reactor with £ 
: anoxic zone 2 x 616 m? 2 
FeCl, 
i Clarification 2 x 132 m? Dewatering 
: on Superpress 


35 m3 


Polymer 


Dual-media filtration 
Ax one 


Final effluent BOD, < 10 g.m° 
Sse LO me 
TKN <5 g.m® 
NO, <10 g.m* 
18. < 0.2 g.m? 


tot 





Figure 881. Bex township, Switzerland. Flow sheet of the treatment plant. 
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4.2.2. Township of Seignosse-le-Penon, France 


This plant serves a conurbation with a _ effluent is percolated directly through the 
highly variable population. Treated soil in a dune zone (Figure 882). 


Grit and grease removal ( ) Screening 


Return sludge 









Intermediate lift ! 
ee 


Aeration tank with variable water 
level for buffer effect 



















Clarifier 1 


dia.25 
1304 wa m 


Clarifier 2 
300 m*.h? dia.17 m 


BOD, < 30 g.m° 
SS < 30 g.m° 






Accessible by cleaning equipment | 





Belt filter Thickener 








Figure 882. Township of Seignosse-le-Penon, France. Flow sheet of the wastewater treatment plant. 
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Figure 883. Zermatt township. Underground construction. Buildings connected by tunnel. 


Population-equivalents: 5, 000 to 22,000 Effluent quality: BOD; < 20 mg. ee 
Maximum flow rate: 800 m’*.h" SS < 20 mg!” 
Maximum BOD loading: 2,350 kg.¢° Ps Silimel 
Maximum SS loading: 2,400 kg.d 
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4.2.3. Maraven treatment plant, 


Cardon region, 
Venezuela 


In this plant, municipal wastewater is 
treated to be made suitable for use as 


PE 

Daily flow rate 
Maximum flow rate 
BOD, load 

SS load 

TKN load 


Aerobic 
stabilization 


175,000 
38,400 m3.d? 
4,000 m’.h} 
10,400 kg.d? 
10,400 kg.d? 
1,900 kg.d? 


Mechanised 


drying beds 


9000 m? 


wash and cooling water in an oil refinery 
(Figure 884). Pilot plant studies (Figure 
885) have demonstrated the feasibility of 
complementary treatment for use in high 
pressure boilers (100 bar). 


Biological reactor with anoxic zone 
2 x 8,000 m° 





Suction clarifiers 


Biological filtration 
6 filters 


<7 em; 
< 7g.m* 
<4g.m° 
Fecal coliforms < 200 units per 
100 ml 





Figure 884. Maraven treatment plant, Venezuela. Flow sheet of the main treatment plant. 
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Al, (SO,), 


Ca(OH), 
Anionic polymer 


Non-ionic polymer 


H,SO, 


Pilot plant results 


Flocculation - settling 

- lime softening 

- phosphate removal 

- inhibition of bacterial growth 


Sand filtration 
- entrapment of SS 


Acidification 
In-line flocculation 


Activated carbon 
- dechlorination 
- adsorption of organic molecules 


Reverse osmosis 
- type 1 membranes 
- type 2 membranes 


pH 


9.5 - 10.5 


Conductivity at 25 °C <0.2uS.cm? 


Silica as SiO, 


Fe 
Cu 
O2 


< 0.02 mg.}? 
< 0.02 mg.l? 
< 0.003 mg.}? 
< 0.02 mg.}? 





Figure 885. Maraven treatment plant, Venezuela. Flow sheet of pilot plant. 


Designed for a full treatment range, 
this plant treats wastewater as well as 
night soil for Saudi Arabia’s summer cap- 
ital city of Taif. 

Final effluent is reused in the Taif city 
water supply system for irrigation, clean- 


ing and cooling, as well as at other indus- 
trial sites. The risk of occasional human 
consumption was taken into account. 

Two parallel treatment lines are pro- 
vided between the biological treatment 
stage (including nitrogen removal) and 
GAC adsorption (Figure 886). 

Mean effluent characteristics achieved 
are shown in Table 87. 


Table 87. City of Taif (Saudi Arabia). Capacity: 67,000 m’.d"' (two trains), Effluent characteristics 
achieved from March 1988 to February 1989, with 50% of the nominal load as pollutant flux rate. 










Raw water 315 294 
Biological effluent 3.1 
Filtration (multi-media) effluent 1 

Activated carbon effluent 0.25 ‘ 








SS BODs CoD Ae Nex, ae Turbidity 
9 m° 9 m° g m° g m g m NTU 








. 65 70 
a9 38 Al 
i 
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5. Sludge treatment 


5. SLUDGE TREATMENT 


1. 
MAIN SLUDGE 
TREATMENT 


PROCESSES 


The choice of a sludge handling process 
is critical, as the continuity and the quality 
of water treatment depend on it. A munici- 
pal wastewater treatment plant produces 
approximately 2 litres of liquid sludge per 
population equivalent and per day. 


D2 
PROCESS DESIGN 
CONSIDERATIONS 


To arrive at an end product whose 
characteristics comply with the stated re- 
use objectives, a series of processes of var- 
ying complexity must be implemented in 
an optimum manner. 


Prime factors to consider are: 
— storage conditions, 
— variable efficiency of the various unit 
processes. 


It is highly inadvisable to store fresh 
liquid sludge. Fermentation makes the 
sludge more difficult to filter, and the risk 
of unpleasant odours can only increase. 
Treatment of fresh sludge must therefore 
follow as closely as possible on the heels of 
wastewater treatment. Thickeners should 
be viewed as just what they are, not as 
storage vessels for thickened sludge. 


Process selection is difficult and the fol- 
lowing factors must be taken into ac- 
count: 

— wastewater characteristics and type of 
treatment, 

— plant size, 

- capital resources, 

— ultimate use of sludge and therefore the 
form of the finished product. 


Table 88 compares the main features 
of various sludge handling processes. 


Sludge should be dewatered as soon as 
possible unless an anaerobic digestion 
stage is provided. 

Although operating results can be ana- 
lyzed in terms of mean characteristics, it is 
imperative to evaluate process perform- 
ance with respect to less favourable values 
— that is the only viable means of assess- 
ing process reliability. 

The engineer must always bear in 
mind that the characteristics of sludge 
from municipal wastewater are neither 
homogeneous nor constant. 


e Pipes 

Pipe layout must be as rectilinear as 
possible. Gravity flow with low hydraulic 
loadings should be avoided. Where grav- 
ity flow is unavoidable, provisions for 
cleaning or flushing must be made, espe- 
cially for fresh sludge. Head losses must 
be calculated with a high tolerance, with 
rheological rules being applied for non- 
Newtonian fluids in difficult cases. 
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e Pumps 

Pump selection is also a critical consid- 
eration. For diluted sludge, open-impeller 
centrifugal vortex pumps are appropriate, 
while positive displacement pumps 
(eccentric rotor or plunger type) are 
required for primary and thickened sludge 
and for sludge from flotation (see page 


676). 


e Sludge handling 

The quality of sludge dewatering facil- 
ities is often contingent upon reliable, 
clean and functional sludge handling pro- 
cedures, appropriate to the type of sludge 
involved. Although conveyor belts are 
commonly used, viscous sludge can be 
pumped through pipes over short dis- 
tances, using eccentric rotor positive dis- 
placement pumps, possibly equipped with 
charging lines. Over longer distances or 
when peaty sludge is involved, the matter 
can be conveyed in a completely closed 
system known as a concrete pump, a type 
of plunger pump. 

Trough type conveyors with endless 
chains are frequently used to transport 
sludge cakes from filter presses. Redler 


conveyors are suitable for the transport of 
broken clumps of sludge, granules and 
ash. 


e Sludge storage 

If dewatered sludge is to be stored, silos 
designed with steep asymmetrically sloped 
or countersloped sides are essential. The 
silos must be equipped with powerful 
extraction systems (scrapers and/or screw 
conveyors). 

Depending on its composition, its 
degree of “freshness” and its conditioning, 
sludge is often a source of corrosion. It is 
therefore important to choose the right 
type of protection; stainless steel fittings 
are preferable. 

Ambient humidity contributes to cor- 
rosion. Therefore, evaporation losses must 
be minimized (by handling in an enclosed 
area, providing hoods) and the premises 
must be carefully ventilated. 

Foul odours can be limited at the 
source by minimizing the areas in which 
sludge is exposed to air. If odour becomes 
an environmental problem, then installa- 
tion of an odour control system must be 
considered. 


6. Treatment plant engineering 


6. TREATMENT PLANT ENGINEERING 


Gl. 
OVERALL DESIGN 


6.1.1. Factors in treatment 
selection 


The treatment plant consists essentially 
of: 
— one or more wastewater treatment lines 
(see subchapter 4), 
— one or more sludge treatment lines (see 
subchapter 5). 


Wastewater supply is ensured via one 
or more raw water inlet structures (with 
overflow tank and by-pass). Raw water 
lifting stations (by Archimedes’ screw or 
centrifugal pumps) are also provided 
where necessary. Pumps are sometimes 
required to lift treated water for discharge 
into the watercourse (year-round or dur- 
ing high-water periods). With this design, 
which generally allows for gravity flow 
throughout the upstream section of treat- 
ment, all units can be built at ground lev- 
el. However, groundwater lowering 1s 
often required to drain the process units. 


Design of a treatment plant obviously 
depends on the desired final effluent qual- 
ity, but other parameters come into play 
as well: 

- plant size, which determines: 

- the number of treatment lines, 

- the number of units per treatment line, 
- construction schedule, which might 
entail subdividing the works in various 


ways to arrive at homogeneous treatment 
lines in the completed facility, 

— sludge reuse applications, 

— security of plant operation, which could 
result in some redundant units and design 
of partial by-passes, 

- available space, environment, geotech- 
nical conditions, etc. 


6.1.2. Location and layout 
of units 


The following factors must be taken 
into account: 
— hydraulic constraints (elevation and 
location of inlet and discharge points, by- 
pass, low- and high-water levels of the 
receiving watercourse, groundwater level), 
to optimize the hydraulic gradient based 
on geotechnical and economic conditions 
as well as treatment imperatives, 
— operating constraints, in view of which 
units should be grouped insofar as is pos- 
sible according to the level of operation 
and/or maintenance involved, Le., pre- 
treatment units near the dewatering sys- 
tem, pumping and air production plant, 
transformers near points of high con- 
sumption, etc., 
— accessibility for cleaning (underground 
or backfilled units) and for maintenance 
or rational handling of equipment 


(roads). 


The final choice of location and layout 
is a compromise of a myriad of technical 
constraints, capital outlay and operating 
costs. 
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Figure 887. Municipal wastewater treatment plant in Nice, France. Capacity: 650,000 PE. Aerial view of 
the completely covered plant built on reclaimed land and consisting of: 

10 lamellae primary settling tanks, preceded by straining, 

two biological reactors, 8 m deep, 


clarification in 12 rectangular secondary suction type settling tanks, 
sludge thickening and dewatering using filter presses, 
deodorization of buildings. 





6.1.3. Control - Regulation - Man- 
agement 


Another essential aspect of basic water 
treatment plant engineering is the defini- 
tion of the degree of control needed to 
comply with the reliability and perform- 
ance goals of the plant. 


Control includes: 

data acquisition (sensors), 

automated systems, 

remote monitoring, 

information processing (alarms, main- 
tenance, management), 

— Operating assistance. 


The advent of microcomputing has 
radically altered the balance between tech- 
nical and financial considerations to the 
point where some degree of computerized 
plant management can be envisaged for 
all plant sizes. 


6.1.3.1. Data acquisition - Sensors 


Plant operating parameters that lend 
themselves well to continuous analogue 
measurements (excluding drying and 
incineration) are summarized in Table 89. 


Note that, although some measure- 
ments are reliable, others must be viewed 
with caution, due to the heterogeneous 
characteristics of the flow through a treat- 
ment plant. Many parameters involved in 
running the treatment process are still 
lacking suitable procedures for continuous 
automated measurement. 


6.1.3.2. Automated systems 
(see page 1132). 


6. Treatment plant engineering 





6.1.3.3. Remote monitoring 


For obvious reasons of cost, many 
wastewater treatment plants operate at 
night and on weekends with no human 
intervention. Overall plant performance 
suffers the consequences, for process- 
related or mechanical incidents are often 
detected too late. Through recent progress 
in the area of videotex, plant personnel 
can be “on call” economically, monitoring 
the plant from a distance and making site 
visits only for a legitimate cause. 


6.1.3.4. Data processing 


Microcomputing and software devel- 
opment now permit use of computerized 
data management systems that have su- 
perseded conventional mimic panels and 
measurement readings. These systems 
carry out some calculations in conjunction 
with automated control systems, and 
allow data storage for subsequent proc- 
essing. 


6.1.3.5. Operating assistance 


In a further application of information 
technology, computerized operating assist- 
ance is increasingly recommended for 
equipment maintenance (spare parts 
management, scheduling of electrical and 
mechanical equipment shut-downs) and 
for process support. These functions are 
handled by computer assisted mainte- 
nance or expert systems (artificial intelli- 
gence). 





Chap. 24: Municipal wastewater treatment 


Table 89. Main measurement instruments in a municipal wastewater treat- 
ment plant. 









Parameter 








WATER FLOW 

— Raw water 
Free flow 
Pressure pipe 

- Treated effluent 


Free flow 
Pressure pipe 


SLUDGE FLOW 
Free flow 
Pressure flow 


AIR FLOW 
DISSOLVED O, CONTENT 
TEMPERATURE 


Process air 
Water 
Sludge (digested) 


pH, SALINITY 
rH 


CONCENTRATIONS 
Treated effluent SS 
Activated sludge SS 
Return secondary sludge SS 
Fresh or digested sludge SS 
Sludge blankets (level) 


COD 
CO, 


Population usually 





Reliability Comment 







































served (PE) 

> 10,000 Sa 

> 100,000 ++ 

all sizes aparaRse 

> 100,000 ++ 

> 50,000 +++ 

> 100,000 ae 

> 100,000 +++ 

> 10,000 +++ 

> 100,000 ++4++ 

> 100,000 +4+4++ 

> 30,000 tHe 

> 100,000 +++ 

> 20,000 +++ Can be measured 
in conjunction 
with, or instead 
of O2 measure- 
ment 

> 50,000 bt 

> 100,000 ++ 

> 100,000 ++ 

> 100,000 + 

> 50,000 +++ 

> 100,000 ++ 

> 100,000 ais In digestion stage 
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6.1.4. Operating costs 


The cost of operating a water treatment 
plant is a heavy burden for a township. 
From the outset, design must be carried 
out with a view to keeping operating costs 
to a minimum. 

Essential components of plant oper- 
ating costs are: 

— power consumption, which is a factor 
in defining: 

ethe type of lift equipment (screw or 
pump), 

e the process (activated sludge, trickling 
filter, granular bed), 

e the oxygenation system (surface aer- 
ation, fine-bubble diffusers, deep basin, 
etc.), 

-— cost of consumables, particularly in 
relation to sludge conditioning (inorganic 
or organic reagents, fuel-oil, etc.), 





6.2. 


HYDRAULIC DESIGN 
AND PNEUMATIC 
FLOW CONTROL 


Effective engineering is the product of 
accurate hydraulic calculations, appropri- 
ate definition of flow velocities and suit- 
able design and layout of distribution and 
connecting structures. 


In designing flow control devices and 
valve systems for the conveyance of pol- 
luted wastewater, often at high flow rates, 
the engineer must deal with several 
requirements, such as: 

- flow clipping, to be provided at the 
plant inlet (to limit the incoming raw 


— personnel expenses, with number and 
qualification of staff depending on the 
size and complexity of the plant as well as 
on its level of automation and control 
(personnel on call, remote monitoring, 
centralized technical management and op- 
erating assistance), 

— actual cost of sludge disposal, including 
transport, land disposal or incineration, 

— maintenance and repair costs. 


Despite the complexity, calculating 
annual costs that include depreciation of 
capital outlays offers one of the most real- 
istic bases for comparison among several 
treatment options. 


Calculations should reflect the fact that 
during most of its service life, a waste- 
water treatment plant operates below its 
nominal capacity. 


water flow), upstream of primary settling 
tanks, upstream of biological treatment 
units, with direct gravity discharge of 
overflow to outfall, 


- equal or programmed variable flow 
splitting among similar units operating in 
parallel, 

— choice of flow distribution in aeration 
tanks (parallel, series or stepped feed, etc.) 
or equalization of dissolved oxygen levels 
in the liquid mass. 


The above requirement can often be 
satisfied through the use of manually or 
automatically controlled pneumatic 
control devices. Designed for a Me 
range of flow rates (from a few mh” 
more than 20 m’.s”'), these devices cause 
only a small loss of head (a few decimetres 
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of WC) and offer several advantages over 
penstocks, namely: 


- having no immersed moving mechani- 
cal parts (no wear, easy protection against 
corrosion), 

- being exempt from obstruction by for- 
eign bodies, as the wide orifice is always 
clear, even at low flow rates. 


These devices (shown in Figures 888 
and 889) are based on the principle of 
gravity flow from an upstream tank N1 
to a downstream tank N4 (lower by 
height H). The flow passes over spillway 
NS that is topped by a sealed bell S, 
immersed beneath levels N1 and N4 to 
form a siphon. 














Figure 888. Pressure siphon (closed). 


Water flow is regulated (or cut off) by 
adjusting (or eliminating) head h over the 
spillway by means of an air pocket in bell 
S that is pressurized (if NS is lower than 
N1) or in partial vacuum (if NS is higher 
than N1). 


Various types of pneumatic devices ex- 
ist and are listed below in order of increas- 


ing suitability for use in a closed-loop 
control system: 

— open-and-shut pressure or vacuum 
control siphons, 

- flow-limiting pressure siphons, 

— partialized control siphons operating at 
negative pressure as a siphon spillway 
with flow expressed as Q = f(h®”) or fully 
primed, with flow at maximum capacity 


expressed as Q = eae 





Pneumatic 


or electric signal 
= Pneumatic or electric 


signal transducer 








Pneumatically 
controlled valve 


Priming device 


Pilot pressure 





Outlet air 


Downstream 
; am N4 








Figure 889. Parcialized control siphon operating as 
a siphon spillway. 


In the case of the latter, the partial- 
ization (1.e., maintenance at all times of a 
given flow that is less than the flow rate 
under fully primed conditions) is achieved 
by creating a negative pressure D in the 
bell, characteristic of the partial priming 
at that point. This is accomplished by 
providing an “inlet” air flow equivalent to 
the “outlet” air flow (the latter being ei- 
ther extracted by artificial means or 
entrained by the flow through the down- 
stream branch of the bell). 

The inlet air flow used to create this 
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partial filling is controlled by an auto- 
matic, usually pneumatic, relief valve 
(such as the Y. Ponsar hydropneumatic 
controller). The device can be pneumat- 
ically (e.g., air-bubbling monitoring de- 
vice) or electrically (e.g., included in a 
PLC regulation system) controlled. A flow 
control valve may replace the relief valve. 


To prime the siphon, a partial vacuum 
must be created by any of various means 
(exhaust fan, air ejector, hydraulic vacu- 
um device, etc.). Once the seal is broken 
(air release valve) the siphon acts as a 
closed gate completely preventing flow (as 
long as N1 does not rise above NS). 


A wide range of flow control problems 
can be resolved through the use of slaved 
partialized control siphons, namely: 


— regulation of upstream or downstream 
water levels, 


- flow control (constant, limited or pro- 
grammed) regardless of upstream and 
downstream water levels, 


— head compensation, etc. 


On: 


AERATION 
AND AIR 
PRODUCTION 


Oxygenation of activated sludge may 
be accomplished using either surface aer- 
ators (such as turbines or brushes) or air 


diffusion. 
Generally, plants serving populations 


In addition to water treatment applica- 
tions, these systems can be used in sewage 
networks, stormwater management, irri- 
gation, by-passes around canal locks, etc.). 





Figure 890. Pumping station in Clichy, France, for 
SIAAP. Flow control siphon. Flow rate: 12 m’.s™. 


over 100,000 are equipped with air diffu- 
sion systems, for the following reasons: 


— fewer rotary machines are required; 
those that are used are grouped together 
for easier maintenance and repair, 


-— higher efficiency. Fine-bubble diffusers 
immersed to 4m of static aerators 
immersed to 8 m are more efficient than 
surface aerators, 


— more precise regulation, for reduced en- 
ergy consumption, 
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- environmental protection by limiting 
aerosol and noise. 


6.3.1. Air production plant 


Air production equipment is housed in 
a soundproof or underground building. 
Careful acoustic design (insulated doors, 
air lock, silencers on air exhaust struc- 
tures, sound insulation for walls) can pro- 
vide attenuation of 10 to 30 dB within 
the building and 20 to 30 dB outside, de- 
pending on the construction standard and 
the frequencies involved (see page 1331). 
For large rotary machinery, each machine 
should even be isolated. 


The choice of rotary machines is made 
based on their air flow characteristics, 
control and regulator systems, energy effi- 
ciency, quality of manufacture and design, 
and naturally, their acquisition and main- 
tenance costs. 


The features of various air production 
systems are summarized in Table 90. 


When porous media diffusers are used, 
air must be filtered to prevent dust 
build-up inside the diffusers. The dust 
content of treated air must not exceed 
about 15 mg per 1,000 Nm’ of air. Air 
filtration is generally a two-stage oper- 
ation: 

e pre-filtration, to remove 80 to 90% of 
dust (by weight), 
e final filtration, using dry-media, glass 
cloth bag filters. 


Overall head loss through the filtration 
system ranges from 20 to 50 mm of WC. 


Special ventilation of the plant room 
should be considered for hot climates, as 
well as when the air flow from all 
machines is extracted to outdoors through 
a single header: in addition to the energy 
dissipated by the motors, heat given off 
by the machine bodies and the pipes - 
which can reach 80°C - must be taken 
into account. Discharged air can show a 
temperature increment of 10 to 12°C per 
metre of positive pressure head. 


6.3.2. Air supply system 


Design of the main headers must take 
into account the pressure and temperature 
of the pressurized air. Thermal insulation 
is sometimes required to ensure safety. If 
headers are made of reinforced concrete, 
expansion joints must be provided, in 
addition to dust-proofing and _ sealing 
treatments, particularly when porous dif- 
fusers are used. 


Safety loops must be installed to pre- 
vent backflow; a l-m water seal must be 
provided. The loops may be placed along 
the main headers or the pipes supplying 
the bottom branch pipes. 


Depending on the diameter, supply 
pipes can be made of synthetic material or 
galvanized steel; stainless steel is recom- 
mended for its superior durability. Branch 
pipes are most often made of synthetic 
material, but expansion is a potential 
problem, especially when the pipes are 
located at considerable depth. 
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6.4. 


BIOGAS RECOVERY 
AND REUSE 


Several techniques are available for 
recovery of waste heat from a water treat- 
ment plant. 


One of the major sources of waste heat 
is the effluent itself. Although studies 
have looked at the feasibility of installing 
heat pumps to take advantage of the tem- 
perature differential between the effluent 
and the receiving medium, or between the 
effluent and the atmosphere, the heavy 
investments required by the technique 
have precluded its use on any significant 
scale. 


In treatment plants equipped for 
sludge incineration, smokes are viewed as 
a significant heat source, through heating 
of the combustion air. Turbo-alternators 
may also be provided to generate power 
from incinerator gases, but output barely 
exceeds the power requirement of the 
incinerators themselves. This type of 
recovery is therefore not worthwhile; 
moreover, power generation is directly de- 
pendent on operation of the incinerator 
and cannot be adjusted. 


In thermal sludge conditioning facil- 
ities, heat is commonly recovered using a 
countercurrent heat exchanger (see page 
961). The same system is suitable for the 
heated effluent from a methane produc- 
tion unit. 


Reuse of digestion gases is the greatest 
potential source of energy recovery. Uti- 
lization of the gas depends on: 


— the needs to be satisfied (heat, power), 


— the cost of supplemental energy (elec- 
tricity, fuel-oil, natural gas), 


— objectives (cost saving, flexible oper- 
ation, reliable service). 


Generally, selling gas for use outside 
the plant is possible but not profitable in 
light of the requirements for such supply: 
reliability, treatment, compression, gas 
enrichment or odorization, etc. The same 
holds in the case of reuse as vehicle fuel, 
which demands treatment, bottling at 
pressures of about 100 bar, adaptation to 
automobile engines, etc. 


Utilizing the gas to satisfy the plant’s 
energy requirement is a much more cost- 
effective solution. One key advantage of 
sludge digestion gas is that it is relatively 
easy to store for use in meeting varying 
demands throughout the day. 


6.4.1. Direct heat production 


This type of reuse is the simplest, and 
usually the most cost-effective, especially 
if needs are relatively constant. Heating 
the digester units is one common solution, 
but the ideal reuse application involves 
thermal conditioning of the sludge. Using 
suitably designed boilers, the gas is used 
to maintain the correct temperature in the 
digesters and to bring the sludge to heat- 
ing temperature. 


If incineration is provided, gases can be 
used as an additional heat source. Howev- 
er, the sludge first must be thoroughly 
dewatered to ensure spontaneous combus- 
tion, because the dry solids have a low cal- 
orific value. 
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Viable reuse applications include space 
heating, or better yet, hot water produc- 
tion for which demand is more stable. 


6.4.2. Mechanical energy 
production using heat 
engines 

Gases can be used to: 
— provide electricity, via alternators, 
- or to drive rotary machines directly 
(air blowers or pumps), but this solution 
lacks flexibility and is now rarely used 
despite its theoretically high energy effi- 
ciency. 


6.4.3. Electric power 
generation 


Electric power generation entails recov- 
ering heat from cooling systems and 


(a) 








Figure 891. Achéres III treatment plant for the SIAAP, France. Air production (a) and power generating 


(b) equipment. Total capacity: 10,000 kW. 


exhaust gases, which is then used to heat 
the digesters. The ratio of electric power 
supplied to heat recovered varies accord- 
ing to the technique implemented. 


There are three types of heat engines: 


e Diesel dual-fuel engines 

These commonly used engines offer 
the advantage of being virtually unaf- 
fected by variations in the calorific value 
of the gas, and are safe to operate as 
well. Ignition occurs by injection of the 
pilot charge, consuming 6 to 7% of the 
total consumption. The power output is 
2.1 kWh per Nm? of gas at full load, 
with recovery providing 2.4 thermies, for 
a total efficiency of about 70%, taking 
into account the pilot charge. 


At half-load, power output is 
1.9kWh per Nm? of gas, with overall 
efficiency on the order of 62%. 
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e Spark-ignition Diesel engine 
These engines run on digester gas and 
do not require a pilot charge. Like petrol 
engines, they contain a carburettor, and 
are ignited electrically. For each Nm’ of 
gas consumed, power output is 1.9 kWh 
with heat recovery of 2.5 th, representing 
an overall efficiency of 75% at full load. 


For one Nm’ of gas at half-load, power 
output is 1.7 kWh with heat recovery of 
2.7 th. Overall efficiency is unchanged. 


e Gas turbines 

Although gas turbines have a lower 
mechanical efficiency than engines, all of 
the recoverable heat is discharged in the 
hot exhaust gases, resulting in more effi- 
cient heat transfer as well as steam gener- 
ation. 


Gas turbines require that dust and 
water be thoroughly removed from the 
gases, which also must be checked for 
absence of certain elements (vanadium, 
sodium, copper, sulphur) that could jeop- 
ardize the service life of the turbine. 


As efficiency is highly load-dependent, 
it is advisable to operate the turbines con- 
tinuously and at full load. The temper- 
ature of ambient air also has a direct 
effect on output from gas turbines. 


Operating at full load, a gas turbine 


produces 1.6 kWh per Nm? of gas used, - 


with heat recovery of 2.9 th, resulting in 
overall efficiency of 78%. The ability to 
use available heat as regularly as possible 
is a dominant factor in the choice of this 
type of power generating system. 


6.4.4. Energy self-sufficiency and 
economical operation 


These two goals are not always com- 


patible. Self-sufficiency or some degree 
thereof can be sought either in terms of 
overall energy needs, or in terms of electric 
power alone. 


Placing a premium on energy self- 
sufficiency may be justified by a need to 
ensure continuous operation of the water 
treatment plant when grid power supply 
appears subject to interruption. 


In any case, selection of the equipment 
and operating conditions must not be 
based only on theoretical overall effi- 
ciency, but on actual efficiency (electric 
and total) as well as on the costs of main- 
taining the electrical and mechanical 
equipment. The time needed for overhaul 
also must be taken into consideration in 
defining the required power-generating 
installations. 


Whether or not energy recovery by heat 
engines is profitable largely depends on 
how flexible they are to operate and on 
the cost of power supplied through the 
grid. Power rates are increasingly dispa- 
rate, with the cost of one kWh varying 
tenfold or more, depending on the season 
(see page 550). It may prove extremely 
cost-effective for the plant to produce its 
own electric power during peak periods, 
while at other times, grid supply with gas 
used for heat is a better option. Sizing of 
the boiler-engine units must be optimized 
on a case per case basis taking into ac- 
count the specific constraints, treatment 
characteristics (type of sludge) and utility 
rates. 


Whenever in-plant power generation is 
provided, back-up equipment (e.g., boil- 
ers for digester units, power generators 
and adequate transformers, etc.) is vital in 
case the plant power supply becomes una- 
vailable. 





The degree of energy self-sufficiency 
that can be achieved through the use of 
digester gases varies greatly according to 
the water and sludge treatment proc- 
esses applied. If the water treatment 
plant equipped with its own means of 
power generation consists solely of pri- 
mary settling, the plant is generally self- 
sufficient in terms of overall energy 
needs. If water treatment includes bio- 
logical treatment of organic carbo- 
naceous pollution including fine-bubble 
aeration, the table (opposite) gives the 
approximate percentage of power needs 
that can be satisfied by reuse of digester 
gases, according to the sludge treatment 


D). 


ENVIRONMENTAL 
PROTECTION 


6.5.1. Odour 


6.5.1.1. Pollutants encountered in the 


air around municipal wastewater 
treatment plants 


Odours emanating from water treat- 
ment plants are due to gases or fumes 
given off by some of the components of 
wastewater. They are also caused by 
compounds formed during the various 
stages of treatment. The characteristics of 
the wastewater and of the treatment 
processes (particularly sludge treatment) 
affect the nature and intensity of plant 
odours. The following list gives an idea 
of the wide variety of pollutants to be 
encountered in the atmosphere of a treat- 
ment plant. 
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process applied (BODs: 200 mg.I'; SS: 


Average self- 

sufficiency (%) 
Overall energy| Electricity 
requirement | (possible) 


200 mg"). 


Sludge treatment 


Drying beds 
Belt filters 
Thermal conditioning + 


filter presses 


The higher the concentration of organic 
pollutants of a municipal wastewater, the 
greater the level of self-sufficiency. 


Nitrogen compounds 

NH; 

R-NH, Ro-NH, R3-N 
RH2-NO, R2H-NO, R3-NO 
NOx 


Sulphur compounds 


Hydrogen sulphide HS 
Mercaptans R-S-H, R-S-R 


Ammonia 
Amines 

Amine oxides 
Nitrogen oxides 


Hydrocarbons 


Saturated and/or 
unsaturated 
Aromatic 

Chlorine derivatives 


Other compounds 


Aldehydes R-CHO 
Acrolein CH,=CHCHO 
Alcohols R-CH,OH 


Saturated and/or unsaturated fatty acids 
Skatole 
Diamino sulphides R2=N-S-N=R2 
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Although it is difficult to classify 
sources of odour by order of importance, 
the following can be identified as the 
main sources: 


— pretreatment (as a whole), 

- sludge pits, 

- sludge thickeners, 

— sludge conditioning and dewatering, 
— discharge and treatment of night soil. 


Pollution levels vary significantly from 
one plant to the next and from one treat- 
ment unit to another within a single plant 
(see Table below). 
6.5.1.2. Odour control 


Odour control entails two separate but 
complementary operations: 


— reducing emissions, 
— gas treatment. 


Odour control also contributes to cor- 
rosion prevention. 


a. Reducing emissions 

This is the first step in odour control 

and involves: 
— treatment applied during the liquid 
phase to prevent discharge of foul-smell- 
ing compounds and/or to break them 
down chemically. 

Various chemicals may be added, de- 
pending on the case (FeCl, FeSO«, lime, 
oxidants). Tests are needed to evaluate re- 
agent consumption levels, which are often 
high. 

This type of action is necessary in the 
case of highly septic, H2S-producing 
effluents (especially in the case of dis- 
charge under pressure), 

— emission control measures. Compliance 
with the following simple guide-lines 
should be ensured to the greatest possible 
extent: 

e limitation of cascades and other deaer- 
ation points (settling tank and thickening 
tank troughs, filtrate pumping from filter 
presses, etc.), 


Range of concentrations of some atmospheric pollutants encountered at vari- 


ous process stages. 











1 to 10 
1 to 5 


Grit removal/screening 








Primary settling 


1 to 5 
letoa 


Primary sludge pit 





Aeration tank 


Secondary settling tank 






Sludge thickener 





Sludge dewatering 
Night soil 






In mg of pollutant per Nm? of gas 


ee ee 









10 to 25 
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5 to 30 
10 to 50 
10 to 100 
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2 to 10 
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e continuous supply to treatment units, 
e regular and frequent sludge extraction, 


e minimum retention times, temperature 
and needless storage, 


e roofing of treatment units. 


b. Gas treatment 


e Ventilation 

To treat foul-smelling gases the latter 
must be drawn off and directed toward 
the treatment unit. In a majority of cases, 
the premises to be ventilated are kept in 
under-pressure. 


An air supply flow that provides be- 
tween 5 and 15 air changes per hour, 
according to the degree of air pollution 
and the desired atmospheric quality, is 
adequate. A rate of 10 to 15 air changes 
per hour is generally applied in staff areas. 


Many treatment techniques are avail- 
able, but gas scrubbing is the most eco- 


nomical. In the case of low gas flow rates, 
a comparison between scrubbing and 
adsorption on activated carbon or on “sul- 
furex” is worthwhile. The choice is often 
made based on the mean concentration of 
gas pollution at the treatment inlet. 


If sludge incineration is provided, the 
furnaces should use polluted air from the 
foul-smelling premises. 


e Gas scrubbing 

The purpose of this process is to trans- 
fer pollutants from the gas phase to the 
liquid phase for removal. This absorption 
can be accelerated by making the dis- 
solved gas react chemically with a compo- 
nent of the liquid phase. The reagent con- 
tained in the scrubbing liquor is 
consumed and must be replaced. 


_ Ideally, the liquor should be selective 
for the pollutant to be removed, but this 
is often impossible to achieve. For exam- 





Figure 893. Sludge treatment plant with deodorization unit in Marseilles, France. DS capacity: 70 t.d". 
Overall view. 
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ple, when caustic soda is used as a scrub- 
bing agent, its consumption by the CO, 
in the scrubbed air cannot be avoided, yet 
the CQ? is not a problem. 

The Degrémont gas-liquid contactor is 
a packed column that is most often op- 
erated under countercurrent, and in some 
specific applications, cocurrent flows. 

A single stage often proves insufficient 
to remove a wide spectrum of odours. The 
solution lies in providing several stages in 
series, in order that specific scrubbing lig- 
uors may be used. 


e Choice of scrubbing liquors 

The following scrubbing liquors are 
available for each stage: 

— once-through water wash (rarely suffi- 
cient), 

- acid scrubbing for ammonia and vari- 
ous amines, 

-— alkaline scrubbing for sulphur com- 
pounds, 

- oxidising scrubbing for sulphur com- 
pounds and VFA, 

— where indicated, reducing scrubbing to 
remove residual oxidant (chlorine or 
ozone) odours at the deodorizing unit out- 
let. 

In all but the first of the above cases, a 
reagent make-up is required. Dosage can 
be regulated based on the pH, the resid- 
ual oxidant measurements or the redox 
potential. 

In addition to the above, make-up 
water is needed to compensate for various 
losses. Some applications dictate the use 
of softened water. 


e Efficiency 

Efficiency depends on the quality of the 
ait to be treated. Following scrubbing, air 
is never completely free of odour. Effi- 
ciency appears low if the treatment air 
itself is only slightly foul. 


There are two ways to gauge process 
efficiency: 
— Analytical method: gas bubbling is 
quick and easy to perform but can only 
measure certain compounds (H2S, mer- 
captans, amines, light aldehydes). Gas 
chromatography provides complete meas- 
urement results, but is cumbersome and 
costly. 
— Olfactometric method: based either on 
the perception threshold or on intensity of 
odours above the threshold. It is worth 
recalling here that physiological percep- 
tion of odours is expressed logarith- 
mically. Several experimental laws have 
been proposed to link the perceived odour 
intensity to the concentration of a com- 
pound. 

Thus, measurement of odours remains 
a difficult task. Olfactometry is a rather 
cumbersome method and does not allow 
determination of efficiencies. Analytical 
methods, despite their cost and failure to 
measure the full range of pollutants, do 
provide the best inventory of odour 
sources and therefore constitute an opti- 
mum solution. 

Determining treatment efficiency is 
nonetheless a delicate business, in light of 
these measurement difficulties. 


6.5.2. Noise 
6.5.2.1. Characteristic parameters 


Noise is a complex sound, character- 
ized by the frequency and amplitude of 
the pure sounds comprising it. It 1s 
expressed in bels or decibels (dB) accord- 
ing to a logarithmic law. 

Noise measured at the receiver, or 
sound pressure level L, is expressed by: 


L, = 20 log aes 
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with 

L, in decibels 

Pi is the pressure of the sound wave, in 
pascals 

Po is the reference pressure, equivalent to 2 
X 10° pascals (threshold of audible sound). 

L,, also known as the sound or noise lev- 
el, is the commonly used parameter. 

The measurement signal must be 
weighted to reflect the response of the 
human ear. Three curves (A, B, C) are 
used, corresponding to increasing noise 
levels. 

Type A weighting is usually applied in 
industrial engineering acoustics. 


6.5.2.2. Factors affecting the degree of 
nuisance 


e Noise through time may be: 

— continuous, for example, due to the 
continuous running of equipment, over- 
flow run-off, etc. This constitutes back- 
ground noise; 

— discontinuous, either random (hydraulic 
lifting) or cyclical (equipment running 


at certain times). This constitutes emer- 
gent noise. 


In all instances, the disturbance caused 
by a noise is related to its amplitude as 
well as its duration, which has given rise 
to the concept of a “noise equivalent lev- 
el”, or Leg, representing the sound pressure 
level of a noise that, when remaining con- 
stant for a certain duration, radiates the 
same sound energy as the combination of 
sounds of variable intensities, emitted for 
the same length of time. 


As a complement to the above-defined 
magnitude, the estimated reference noise 
level (L,) takes into account the pulsations 
of a noise or the presence of audible 
sound. 


The above concepts are applied in eval- 
uating the degree of disturbance and even 
the danger of hearing loss due to noise. 


e Noise in space 

This is due to the directivity of radiated 
sound. Sound waves can be propagated 
through air or solids. 





Figure 894. Sound intensity vs. frequency. 
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Sound can radiate within an enclosed 
area (“reverberant space”) or outdoors 
(“free space”). 


This imposes twofold constraints on 
the plant: 
— constraints relevant to personnel pro- 
tection, essentially within the operating 
areas, 
- constraints relevant to environmental 
protection. 


With regard to protection of the per- 
sonnel, a curve plotting sound intensity 
vs. frequency has been defined, indicating 
values that should not be exceeded in 
case of exposure to a complex noise for a 
period of eight hours. The values are 


considered “not harmful to normal hear- 
ing.” 

Three sound-level ranges are defined: 
— Range I: levels in this range are deemed 
not dangerous, which is not to say not dis- 
turbing. 
— Range II: levels in this range are con- 
sidered dangerous. 
— Range III: levels in this range are defi- 
nitely considered dangerous. 


The curve that lies essentially in the 
middle of Range III was defined based on 
physiological criteria and serves as the rec- 
ommended “warning value.” 


Evaluating nuisance from a municipal 
wastewater treatment plant requires an 


Table 91. Noise levels deemed normal for various zones and periods of the 


day. 





Rural, hospital, recreational 


Suburban residential, light road 
traffic 


Urban residential 
Urban or suburban residential with 
some workshops or shopping cen- 


tres or with heavily-trafficked roads 


Business and industry dominant 


Industry (heavy industry) dom- 
inant 


Period 


Intermediate 
6.00 - 7.00 
and 20.00 - 22.00 
dB(A) 
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environmental impact study taking into 
account the initial sound level of the 
site and the noise level of the plant in op- 
eration. 

The noise level produced by a plant 
must comply with criteria of perceived 
sound levels measured at a distance of 
2m from the outside walls of premises 
lived in or occupied by individuals not 
connected with the plant. Noise level val- 
ues are summarized in Table 91. 

Some reference values are shown in 
Table 92. 

Doubling the sound level leads to a 
3-dBA increase in the sound pressure. 

Doubling the distance from the noise 
source to the receiver leads to a 6 dBA 
decrease in the sound level. 


Table 92. Examples of sound levels. 


Sound 
pressure 


level dB(A) 


Sensation 


Quiet 


work 





Loud 


Interferes with intellectual 


6.5.2.3. Sources of noise in the water 
treatment plant 


Noises can be classified in two broad 
categories: 


— noises produced by electromechanical 
systems: 

- aerodynamic noise (fans, compressors, 
blowers and air in the pipes), 

+ electromechanical noise (motors, reduc- 
tion gear, pumps, gears, etc.); 

— noise produced by water, or hydrody- 
namic noise (flow, mixing, splashing, 
éfC.). 


These noises can be summarized unit 
by unit for the treatment plant, as shown 
in the non-exhaustive Table 93 opposite. 


Example 


Bedroom 


Conversation perceived from 1.5 m. 
Open window giving onto a busy street. 
Exhaust fan 1 m away 





Station concourse, busy intersection 


Lower limit value for dan- | Aeration turbines: 95 dBA at 1 m 
get of hearing loss if|Compressor: 100 dBA at 1 m without 


exposed 8 h.d’! 


Deafening 
Pain threshold 


hood 


Jet plane taking off at a distance of 
100 m 





6. Treatment plant engineering 


Table 93. Sources of noise in a wastewater treatment plant. 












Mechanical Aerodynamic | Hydrodynamic 







- Overflow 
- Gravity flow 
discharge 





Archimedes’ screw 
Dry well pumps 
















Pretreatment — Screens, grit screw con-|- Blowers 
veyors, conveyor belts, 
scrapers 

Banging of screens 





















- Spray from 
turbines or 
rotors 


Aeration and|- Aeration turbines or}- Air compressors 
biological filtra-| rotors 


tion 










— Air compressors (drive |— Overhead pipes 
systems) - Air scour blowers 

- Recirculation pumps 

— Backwash pumps and 

blowers (filters) 





























Scraper reducing gear Air compressors |- Overflow 


Settling-Flotation 
Pumps and pressurizing 
















Sludge pumps, espe-|- Air compressors 
cially diaphragm pumps 

— Centrifuges 

— Comminutors 

— Conveyors (cakes, ash) 

— Drier and furnace blow- 


ers 


Sludge treatment 










— Pneumatic gates 
— Compressed air 
systems 
— Air pipes 


Exhaust ventilation 
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6.5.2.4. Guide-lines for acoustic design 


e Build at a distance and provide 
sound barriers 

Site selection is based on several crite- 
ria: distance from residential areas, pre- 
vailing winds, natural sound barriers 
(woods, hills, etc.). Plant structural design 
is also a factor in protection against noise. 


Plant layout can also contribute to 
minimizing noise pollution by providing 
sound barriers to refract sound waves ra- 
diating from a machine away from sensi- 
tive areas. Moreover, noisy equipment 
must be grouped in one location placed as 
far as possible from occupied areas of the 
plant, particularly the control room. 


Buildings can be surrounded by earth 
embankments or walls. 


e Enclose or shelter 

Attenuating noise at the source entails: 
— providing hoods for large reducing gear 
(Archimedes’ screws, aeration turbines) or 
for entire machines in the case of air pro- 
duction equipment, 
— providing hoods for turbine sprays, 
- providing full hoods for Archimedes’ 
screws, 
- enclosing lift stations, 
— covering the buildings. 


Applying this guide-line sometimes 
results in inadmissible operating con- 
straints, in which case efforts should focus 
on preventing or controlling noise propa- 
gation. 


The best solution lies in constructing 
buildings. For rotary machines, such as air 
blowers or compressors, the building must 
be set as deep underground as possible, or 
designed with specific acoustic features. 


Pretreatment and other noisy machinery 
are worth housing in buildings as well. 


Construction of pipe galleries is anoth- 
er effective measure, particularly for the 
conveyance of pressurized air. 


e Use the mass effect 

For a given unit of surface area, every 
doubling of wall weight results in a 
decrease of 6 dBA in sound level. Pro- 
vide: 
thick building walls, 
high density insulation materials, 
earthfill or sand barriers, 
substantial thicknesses of sound-ab- 
sorbing insulating coverings, 
- large bases for rotary machines. 


e Operate at slow speeds 

Noise levels are lower at slower oper- 
ating speeds, and the resulting frequen- 
cies are less disturbing to the human ear. 
Therefore: 
— use rotary machines at slow operating 
speeds whenever possible, 
- calculate the diameter of air conduits 
for velocity < 12 ms", 
— limit air inlet and outlet velocities by 
increasing the section of the orifice. 


e Modulate acoustic protection 
Specific sound-reduction techniques 

are becoming more widely used: 

— install silencers at air suction and dis- 

charge points, 

— adapt building construction techniques 

(use of acoustic doors and glazing, etc.), 

— separate noisy machines from the 

building floor and the structure (vibra- 

tion absorber pads), 

— dissociate air extraction pipes from air 

delivery pipes (by means of flexible con- 

nectors). 
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6.5.3. Aerosols 


Aerosols are most often created by 
spraying water through air and some- 
times by the agitation of liquid surfaces. 
Aerosols in wastewater treatment works 
are a potential source of bacterial con- 
tamination. Primary sources of aerosol 
emissions are: 

— aeration systems used in pretreatment, 
activated sludge, trickling filters (forced 
air ventilation) and in granular bed fil- 
ters, 

— spray systems such as foam reducers, 
sludge treatment filter cloth wash sys- 
tems, lawn watering using treated 
effluent, etc., 

— water falls or movements entailing vi- 
olent impact, including Archimedes’ 
screw lifting, operation of bar screens, 
weirs, discharge of night soil, etc. 


Aeration tanks are not usually the 
greatest source of aerosol emission (if 
foam reduction is not involved) and pres- 
surized air diffusion systems are less pol- 
luting than mechanical ones. Most of the 
particles are larger than 5 [um in size. 
Aerosol intensity is often defined in 
terms of the number of “viable particles” 
per m’ (ranging from 200 in uncontam- 


6.6. 


PLANTS SERVING 
VARIABLE POPULATIONS 


Some treatment plants that serve sea- 
side towns or ski resorts have to deal with 
some degree of seasonal population 





inated zones to 10,000 in contaminated 
zones). Total germ concentration of aero- 
sols is variable within the treatment 
plant, from 10° to 10’ per ml with the 
concentration of thermoduric coliforms 
being about 100 times lower. Concentra- 
tions vary sharply with increasing dis- 
tance from the source. 


Epidemiological studies conducted on 
plant operating personnel do not indicate 
significant pathology due to microorgan- 
isms found in effluents or sludge. To 
reduce aerosol emissions outside the 
plant, hooding (e.g., on the aeration tur- 
bine), or housing the source in an 
enclosed facility, are effective solutions. 
Naturally, these corrective measures 
should not replace efforts to modify or 
eliminate the actual aerosol sources. 


Treatment plants can be the source of 
other nuisances linked to specific local 
conditions. One example is “bird pollu- 
tion”. Plants naturally attract detrivorous 
birds like seagulls. Simple measures such 
as installing electrified wires help decrease 
droppings on building, but an increase in 
the bird population can present a risk to 
some types of neighbouring facilities (air- 
craft landing strips). 


fluctuation. The amplitude of seasonal 
variation can be | or 2 in locations where 
tourism is a major, but not the sole form 
of livelihood, reaching much more signif- 
icant levels (nearly 50) in areas devoted 
exclusively to recreational use: an extreme 
example is that of campsites that are 
closed off-season. 


1937s. 
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In general, the problem of population 
variation is confounded by environmental 
constraints (lack of space, sensitive urban 
location, climate, capacity of the receiving 
medium). 


In view of these criteria, two main 
treatment options are feasible: 
— activated sludge treatment with some 
degree of primary treatment for plants: 
- subject to gradual load variations, 
* operating to high quality standards 
(BODs, nitrogen), 
* without space limitations, 
- physical-chemical treatment using 
lamellae settling tanks followed where ap- 
propriate by granular bed attached 
growth biological treatment for plants: 
- with significant, sudden load variations, 
* operating to average quality standards, 
* subject to space limitations, 
- requiring covered installations. 


In practice, with plants often being 
implemented in stages, the two solutions 
are often combined. 


6.6.1. Activated sludge plants 


Medium-rate plants that operate at 
maximum flow rates can readily adjust to 
significant but gradual load variations. If 
the BODs loading of a tank is 
0.25 kg/m’.d, the tank can operate prop- 

erly at five times that loading. 


If the load surge is of a higher order, 
primary settling might be considered, 
using reagents if necessary. Without re- 
agents, load can vary in a proportion of 1 
to 7; with reagents, variation can be ten- 
fold, bearing in mind that clarification 
must be oversized to take into account the 
lighter floc (due to the absence of SS in 
the water supplied to the biological treat- 
ment unit). 





Figure 895. Activated sludge municipal wastewater treatment plant at Les Deux Alpes, France. Capacity: 
1,500 to 15,000 PE. 
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Likewise, in designing sludge handling 
and removal facilities, the variable quan- 
tity and degree of sludge stabilization 
must be taken into consideration. 


6.6.2. Physical-chemical treatment 
with biological filtration 


This is the most appropriate design for 
ski or beach resorts located in envi- 
ronments where treatment facilities have 
to be covered and that are subject to sharp 
load fluctuations. 

Physical-chemical treatment alone 
removes up to 95% of the settleable mat- 
ter; lamellae settling tanks can be used to 
save space. A biological treatment stage 
applying the Biofor process is also a space- 
saving solution for the removal of carbo- 
naceous and even nitrogenous pollutants 
(see page 1288). 

During the off-season, physical-chem- 








ical treatment may be scaled down or 
eliminated altogether, to reflect low-load 
conditions. 

With regard to sludge, in both peak 
and slow seasons, sludge is not stabilized 
and treatment processes must be defined 
accordingly. 


6.6.3. Combined plant 


A combined plant consists of a biolog- 
ical treatment plant and a physical- 
chemical treatment plant operating in 
parallel. The latter is essentially designed 
to handle seasonal variations, while bio- 
logical treatment is carried out at rela- 
tively constant loadings all year round. 
The physical-chemical plant is also useful 
during maintenance on the biological 
treatment unit. This system is imple- 
mented at the Saint-Palais and Arvert 
peninsula plants (Figure 897). 





aire 396 . The Métabief napa wastewater treatment plant, Fane Capacity: 2,000 to Fi 2,000 PE. 
Lamellae settling basins (Sédipac) and biological filtration (Biofor). Overall views of plant exterior (a) and 


interior (b). 
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Units 1 and 2 
1975-1977 
















Pretreatment 
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in summer las ce DENSADEG 


32 m? 
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A-e--5 7! 






BIOFOR 
4x24 m? 
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Tot. coliforms 


Discharge into ocean 
Filtration for irrigation water 72 m‘.b2 








Figure 897. Water treatment plant at Royan Saint-Palais, France. Maximum capacity: 150,000 PE. 
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Dy, ?. 


UPGRADING EXISTING 
PLANTS 


The waterworks of industrial countries 
are ageing, particularly as a result of the 
rapidly changing environment in which 
they operate: discharge conditions, urban- 
ization, standards of comfort, obsolescent 
technology. 


Upgrading existing plants must focus 
on three key aspects: 
— modernization of equipment and proc- 
ess technology, 
— improvement of performance for the 
plant as a whole, 
- definition of sludge treatment in light 
of actual disposal options. 


6.7.1. Modernization 


Examples of modernization are as fol- 
lows: 
- Technical modifications to improve 
the efficiency of an installation such 
as: 

— pretreatment: 

* automatic screening or even addition 
of straining, 

» mixing/aeration of the grit removal 
unit using aerating pumps to 
improve grease separation, 

* conditioning of by-products, com- 
pacting of screenings, grit drying, 
incineration of grease, 

- clarification: replacing a scraper 

bridge with a suction bridge. 

- Technical modifications to achieve 
cost savings, for example: 

— replacing oxygenation systems by 

higher-efficiency systems (fine-bubble 

diffusers rather than coarse-bubble sys- 
tems), 


— in low-rate basins, separating mixing 
and aerating functions, 
- establishing closed-loop control of 
aeration using PLCs to take oxygen 
level readings (10 to 20% savings). 
- Technical alterations in the interest 
of the environment, which may 
include: 
— covering sprays caused by surface 
aerators to minimize noise and aerosol 
projections, 
- replacing surface aerators with pres- 
surized air oxygenation, 
— covering units such as pretreatment, 
sludge pits, thickeners; keeping them at 
under-pressure and treating foul air to 
limit odours. 
- Technical alterations in the interest 
of reliability, such as: 
- installation of a remote monitoring 
system, allowing long distance control 
of operation and rationalized, efficient 
intervention when needed, 
— installation of sensors such as oxygen 
and/or rH sensors, concentration meas- 
urements (liquor and secondary 
sludge), sludge blanket monitoring, 
flow rate control. Signals from sensor 
devices are processed by PLC for con- 
trol of oxygenation, excess sludge 
extraction, and recycling systems, 
- installation of a centralized technical 
management system for optimum 
process and maintenance management, 
— provision of a computer-assisted 
maintenance or artificial intelligence 
system. 


6.7.2. Performance 
improvement 


Standards applicable to discharge 
change; capacities of receiving water- 
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courses are more clearly evaluated, effluent 
quality is subject to more frequent control, 
costs are more accurately known.... The 
performance of water treatment plants is 
now the object of detailed analysis. 

All of the above parameters can lead to 
a revision of quality goals and a decision to 
upgrade the plant. 

This can involve reducing the nominal 
flow rate of the existing plant, often in 
conjunction with an extension, or adding a 
treatment stage such as: 

— sand filtration to improve SS levels, 

- biological filtration to reduce concentra- 
tions in BODs and SS (Biofor or Biodrof), 
— an anoxic zone in the case of low-rate 
activated sludge treatment, for denitrifica- 
tion, 

— biological filtration for nitrification (in 
addition to reducing SS and BODs levels), 
— simultaneous phosphate removal, 

— phosphate removal in tertiary treatment 
(with clarification or filtration) to achieve 
simultaneous reduction of P and SS. 


6.7.3. Defining sludge treatment in 
light of actual disposal options 


Sludge disposal is posing an increasingly 
critical problem. Landfills are closing. 
Agricultural reuse is subject to land dis- 
posal schemes and operating restrictions. 
Plant upgrades must be based on real dis- 
posal options, and include the engineer- 
ing and equipment to ensure feasibility of 
disposal through time. Disposal options 
include: 

— Agricultural re-use 
a) for sludge resulting from extended aer- 
ation: 


— dynamic thickening of sludge (Degré- 
mont GDE screen) in order to store thick 
sludge and achieve a three- or even four- 
fold reduction in the quantity of water to 
remove, 

— dewatering on belt filter or by cen- 
trifuge, 

b) for fresh mixed sludge: 

- flotation of biological sludge, 

- sludge digestion, 

— dynamic drainage or mechanical dewa- 
tering. 


If a product of higher commercial 
value, (e.g., compost or pellets) is sought, 
filter presses, driers, pelletising units and 
composting plants must be considered as 
additional equipment. 


- Landfills 

Dryness is critical in the case of land- 
filling. In addition to systems designed to 
reduce the weight of dry solids and the 
volume of thickened sludge, provision 
must be made to produce cakes with a 
high enough dryness, such as: 
- belt filters or centrifuges followed by 
lime treatment or composting, 
— filter presses, 
— sludge incineration, alone or com- 
bined with household refuse. 


Here again, dryness is vital. For that 
reason, thickener performance is critical; 
separate thickening of activated sludge, by 
flotation, is recommended. 


The following systems are generally 
required for dewatering: 
— filter presses, 
— belt filters or centrifuges, followed by 
drying or composting. 
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TREATMENT AND CONDITIONING 
OF INDUSTRIAL WATER 


1. BOILER WATER 


Pi: 
TREATMENT OF MAKE-UP 
WATER 


1.1.1. Carbonate removal and sof- 
tening facilities 


Boiler make-up water must be treated 
in an ion exchanger to reduce hardness as 
much as possible. This is the absolute 
minimum in terms of treatment. 

At very low pressure levels, simple sof- 
tening techniques (cation exchangers 
regenerated with sodium chloride) are still 
sometimes used, whilst demineralization is 
preferred at high pressure levels. At inter- 
mediary pressure levels, carbonate remov- 
al, silica removal (where necessary) and 
softening are combined in a variety of dif- 
ferent methods. The three most commonly 
used techniques are described below: 

— carbonate removal using cold lime process 
followed by optional silica removal using 
iron chloride and aluminate and a softening 
treatment (see Pages 146 and 149); 

- carbonate removal using hot lime 


process (between 95 and 110°C) followed 
by a softening treatment (this method is 
not widely used nowadays); 

- carbonate removal through a carboxylic 
cation exchanger (see Page 236) followed 
by a softening treatment and including 
the physical removal of CO2. 

In order to facilitate the user’s choice, 
table 96 shows the results that may be 
expected of each method. 

Whichever process is adopted, the ox- 
ygen must subsequently be removed from 
the water through physical (deaeration) or 
chemical means. The water must then be 
conditioned. 

Figures 898 and 899 show two possible 
installations. 


1.1.2. Total demineralization systems 


When the above processes do not allow 
the production of water of satisfactory 
quality, total demineralization must be 
performed. 

The technique adopted will depend on 
the composition of the make-up water, 
the pressure and the type of boiler. Pos- 
sible methods are listed in table 97. 
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Table 96. Results of carbonate removal and softening treatments. 





Treatment: cold lime 
+ FeCl; + softening 


Treatment above + 
sodium aluminate 





Treatment: hot lime 
+ hot magnesium ox- 
ide + softening 






Carboxylic cation ex- 
changer + softening 
+ intermediate CO, 
removal 








L mas 





2 to 4 


2.2 





1 to 3 
without 
pH 


correction 





correction 





TDS - M alk. 
+ 306 







TDSSe NIE 
+2 to 2.5 





TDS - M alk. 
+1 to 3 


TDS - M alk 
+ 2. to. 5 
with pH 
correction 





TDS: salinity of the raw water (expressed in Fr. deg.) 


M alk.: M alk. of the raw water (expressed in Fr. deg.) 


SiO? 





If the requisite 


water of the boiler must be readjusted. 

















with- 
out 
cor- 
rection 





re 
to 8.5 
with 
cor- 
rection 


unchanged 


24093 


1 tor 


unchanged 





ratio is not attained at the minimum values of M alk., the levels of silica and alkalinity in the 


1. Boiler water 














1 - Raw water inlet. 6 - Stratified bed exchanger. 11 - Level measuring tank. 

2 - Brine tank. 7 - Acid tank. 12 - Level control valve. 

3 - Brine injector. 8 - Acid injector. 13 - Caustic soda tank. 

4 - Meter. 9 - CO? removal unit. 14 - pH correction metering pump. 
5 - Flowmeter. 10 - Fan. 15 - Treated water recovery pump. 


Figure 898. Combined cold carbonate removal and softening treatment on a stratified carboxylic-sulphonic bed. 
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1 - Lime silo. 6 - Coagulant feed. 11 - Salt store. 

2 - Levelling system. 7 - Circulator Clarifier. 12 - Brine. 

3 - Lime feeder. 8 - Filter. 13 - Outflow of carbonate-free 
4 - Lime dilution tank. 9 - Softener. softened water. 

5 - Lime slurry pump. 10 - Make-up water. 


Figure 899. Carbonate removal using cold lime process and softening on resin. 
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Table 97. Performance of total demineralization systems. 


Resistivity Silica 
in thousands of ohms.cm| in pg.” 


1. Primary demineralization 


cocurrent regeneration 10 to 1000 100 to 500 
2. Primary demineralization 

countercurrent regeneration (UFD, etc.) 500 to 2000 20 to 100 
3. Primary demineralization 


continuous system 500 to 2000 20 to 100 
4. Demineralization through 

reverse Osmosis 10 to 300 100 to 2000 
Primary demineralization (1, 2, 3) 
completed by a polishing cation exchanger 500 to 3000 20 to 500 
Primary demineralization (1, 2, 3, 4) 
completed by a mixed bed or polishing 
treatment line 5000 to 20 000 5 to 30 





These values are given for reference only. Values may differ for highly mineralized polluted raw water or water that has 
_1348_ undergone insufficient preliminary treatment. 








1 - Raw water inlet. 7 - Level measuring tank. 12 - Strong base anion ex- 

2 - Meter. 8 - CO? removal unit. changer. 

3 - Caustic soda metering pump. 9 - Fan. 13 - Demineralized water 

4 - Acid metering pump. 10 - Recovery pump. tank, 

9 - Cation exchanger with coun- Il - Weak base anion ex- 14 - Resistivity measurement. 
tercurrent regeneration. changer. 15 - Samples for silica meter. 


6 - Flowmeter. 
Figure 900. Flow sheet of a primary demineralization line. 








Figure 901. The Rhéne-Poulenc La Madeleine facil- 
ity in northern France. Flow rate: 3 x 80 mh", 
UFD cation exchanger + UFD anion exchanger. 


Figure 900 shows an installation with a 
single cation exchanger and a combina- 
tion of anion exchangers of varying base 
properties. 

The type of installation used for HP 
boilers could include: 

— preliminary treatment: clarification or 
removal of carbonates; 

- a primary system of ion exchangers 
comprising a strong acid cation exchanger, 
a strong base anion exchanger, and pos- 
sibly a (carboxylic) weak acid cation ex- 
changer and a weak base anion exchanger; 


1. Boiler water 





— a secondary system comprising either a 
strong acid cation exchanger and a strong 
base anion exchanger, or a mixed bed or 
just a single polishing cation exchanger; 
— a conditioning system. 

Figure 902 shows a total demineral- 
ization installation in a nuclear power sta- 
tion. Using carbonate-free water as a 
basis, the system comprises a complete 
cation-anion system with countercurrent 
regeneration and a polishing mixed bed. 

The innovative treatment plant at the 
Mannheim power station in Germany 
(flow rate 210 m°*.h"') offers another ex- 
ample of how advanced technology can be 
used in water treatment (Figure 903). 


1.1.3. Deaeration facilities 


The oxygen contained in make-up 
water is removed by deaeration. This can 
be performed using a physical medium 
such as vacuum deaerators or deaerating 
heaters (Chapter 16) or a chemical 
medium such as oxygen scavengers 
(polishing treatment) or catalytic resins. 

Carbon dioxide is always removed 
using a physical medium. 

Deaerating heaters are by far the most 
commonly used medium. Operating tem- 
peratures vary between 105°C and 140°C 
and tank capacity is calculated for be- 
tween 15 and 60 minutes of storage at the 
nominal flow rate. 

Condensates containing no oxygen are 
sent directly to the storage tank whilst 
polluted condensates (O2) must be deaer- 
ated with the make-up water. 
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1. Bower water 


CO, removal 


1 - Coagulant addition. 

2 - Lime and polymer addition. 
3 - Sédipac lamellae type settler. 
4 - Sand filter. 

5 - Cartridge filter. 

6 - HC feed. 

7 - Reverse osmosis. 

8 - CO> removal unit. 


CIE mixed beds 





Reverse osmosis 


Catalytic 
deoxygenation 





9 - CIE service column with mixed bed. 
10 - Anion regeneration column. 

11 - Cation regeneration column. 

12 - Resin storage hopper. 

13 - Division column. 

14 - Hydrogen injection. 

15 - Deoxygenation-on-resin column. 


Figure 903. Flow sheet of the water treatment facility in the Mannheim power station (Germany). 


2. 
CONDITIONING BOILER 
WATER 


The treatment and conditioning of 
water must satisfy three main objectives: 
— continuous heat exchange; 

— corrosion protection; 
— production of high-quality steam. 

The water treatment facilities purify 
and deaerate make-up water or feedwater. 


During the subsequent conditioning 
process, which is an essential comple- 
ment to the water treatment program, 
specific doses of conditioning products are 
added to the water by means of metering 
systems. 

The most commonly used products 
include: 
- phosphates - dispersants, pol- 
yphosphates - dispersants. 

Reacting with the alkalinity of boiler 
water, these products neutralize the hard- 


ey: 
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ness of the water by forming tricalcium 

phosphate, an insoluble compound that 

can be dispersed and blown down on a 

continuous basis or periodically through 

the bottom of the boiler; 

— natural and synthetic dispersants: 

- natural polymers: lignosulphonates, 
tannins; 

- synthetic polymers: polyacrylates, 
maleic acrylate copolymer, maleic styrene 
copolymer, polystyrene sulphonates, etc. 
All of the above increase the dispersive 

properties of the conditioning products; 


— sequestering agents: such as organic 
phosphates, which act as inhibitors and 
implement a threshold effect; 


— oxygen scavengers: sodium sulphite, 
tannins, hydrazine, hydroquinone/pyro- 
gallol-based derivatives, hydroxylamine 
derivatives, ascorbic acid derivatives, etc. 

These scavengers, catalyzed or not, 
reduce the oxides and dissolved oxygen. 
Most also passivate metal surfaces. The 
choice of product and the dose required 
will depend on whether a deaerating heat- 
er is used; 


- anti-foaming or anti-priming 
agents: mixtures of surface-active 
agents that modify the surface tension 
of a liquid, remove foam and prevent 
the carry-over of fine water particles in 
the steam. 


Non- pm gases 


’ 


edna pea 


To boiler 
4 


PI — Pressure indicator. 
PC — Pressure control. 
TI - Thermometer. 

LI - Level indicator. 


Figure 904. Flow sheet of a packed deaerating heater. 
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LSH - High-level alarm. 
LSL - Low-level alarm. 
LC - Level control. 


2. Condensates 


2. CONDENSATES 


The following types of condensates can 
be distinguished: 
- neutral HP boiler condensates, which 
generally require purification and always 
require conditioning; 
- alkaline LP condensates, which always 
require conditioning but only require 
treatment if they are likely to be polluted. 
The objective of treating condensates is 


el. 
HP CONDENSATES 


2.1.1. Treatment 


The method adopted to treat conden- 

sates depends on: 

- the quality of the condensates; 

- the standards laid down by construc- 
tors; 

- the requirements of operators. 

The solutions combine filtration with 
demineralization. The requisite equip- 
ment therefore consists primarily of filters 
and ion exchangers (alone or combined). 


2.1.1.1. Filtration on candle filters 


with or without a precoat (see Pages 
182 and 788) 


The filtration rates adopted generally 
vary between 5 and 10 m.h'. 

The following types of filter can be 
used: 
- Cellulose fibres of between 40 and 
100 Lm in length: the filters trap all sus- 
pended impurities, particularly metallic 
oxides, up to an average size of approxi- 
mately 0.5 Um. 


to overcome the following problems: 


- removal of corrosion products from 
steam-condensate systems; 


— removal of minerals due to raw water 
inflow through condenser leaks; 


- removal of organic pollutants brought 
in by the exchangers used in the process 
(heating condensates in the oil industry). 


The filter starts to release soluble impuri- 
ties at a temperature of 60°C and decom- 
poses at temperatures above 85°C. The 
effect of alkaline pHs is similar. 


- Non-polar powdered synthetic 
resins, which are more effective than 
cellulose fibres in that they adsorb col- 
loids and resist temperatures of almost 
100°C. 


— Diatomaceous earth: if the water is 
oily, high-porosity diatomaceous earth 
should be preferred to cellulose or resin for 
its adsorptive properties. The optimum 
oil removal temperature varies between 
40 and 80°C according to the nature of 
the oil. 


If the condensate water contains only a 
small amount of aromatic hydrocarbons 
that are soluble in water, it is better to use 
activated carbon for feeding rather than 
diatomaceous earth at a temperature not 
exceeding 50°C. 


The filtration rates for oily water 
should be adapted to each problem. They 
are far lower than for condensates con- 
taining only corrosion products. 


Lepe) 
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After the start-up period, disposable 
wound supports can also be used with- 
out a precoat. 





2.1.1.2. Direct demineralization at very 
high filtration rates (80-120 m.h’) ona 
cation-anion mixed bed. 


The objective of these systems is to fix 
the iron, copper, nickel and silica ions and 
to intercept the salts produced by raw 
water leaking into the condenser. 

Mixed beds also have a filtering effect. 
Their efficiency varies between 50 and 
90% depending on the size of the particles 
and the operating state. Colloids tend to 
go straight through. 

To resist the effects of head loss caused 
by high filtration rates and clogging, ion 
exchangers must be particularly resistant. 
Macroporous resins are most commonly 
used (see Page 229). 





Resins are generally cleaned and regen- 
erated outside the treatment columns. 
Transfers of resin are performed by 
entrainment in water, thereby avoiding 
the risk of acid or caustic soda accidentally 
leaking into the boiler during regeneration 
(Figure 906). 

The constructors of pressurized water 
nuclear reactors lay down stringent 
requirements concerning the sodium con- 
tent of water in the system. If the cation 
and anion resins in the mixed bed are not 
completely separated prior to regener- 
ation, a certain amount of sodium — 
harmful even in low quantities - is ob- 
served to pass through. 

The mixed bed is not protected by up- 
stream treatment units and must there- 
fore remove the various pollutants alone, 
i.e., not only dissolved salts but also sus- 
pended solids (mainly iron oxides) and 
sometimes slight traces of hydrocarbons. 


Figure 905. Power unit in Alberta (Canada). Flow rate: 2 X 540 m’.h'. Demineralization station on a 
skid, mixed-bed type. 


2. Condensates 


MB = mixed-bed exchangers 
Condensates 

Cation resin 

Anion resin 


C = Separation of resins + cation regeneration 
A= Anion regeneration 
S = Mixture and storage of resins 





Figure 906. Operating diagram of a condensate treatment station with an external regeneration system. 


The cycles are long owing to the fact 
that TDS is very low. Secondary pollu- 
tants, even when present in minimal 
quantities, accumulate sufficiently to 
affect the classification of resins following 
transfer to the external regeneration 
column. 


The processes below are implemented 
to reduce ion leaks caused by cross- 
contamination (non-regeneration of resins 
caused by incomplete separation prior to 
regeneration) or to improve separation: 

- large quantities of extra reagents 
(ammonia, lime — Calex process - caustic 
soda); 

— numerous and relatively complex resin 
transfers. 


The solution recommended by Degré- 
mont consists of a triobed with an inert 
intermediate layer of resin. This system 
greatly improves the classification of res- 
ins. The main features are as follows: 

- no risk of mixing resins in the regener- 
ation columns; 


— correct size distribution of resin parti- 
cles; 

— systematic cleaning of resins with air 
and water to remove suspended solids. 


2.1.1.3. Very high-rate demineraliza- 


tion using a cation exchanger and a 
mixed bed 


When condensed water is conditioned 
with large quantities of volatile anions 
(ammonia, morpholine or cyclohexyla- 
mine) and the increase in salinity from 
leaking raw water is negligible, the mixed 
bed is unbalanced owing to the fact that 
there are far more cations than anions - 
other than OH - to be trapped. 

A cation exchanger installed upstream 
of the mixed bed removes NHj ions or 
amines and considerably extends the oper- 
ating cycle. Corrosion products are filtered 
at the same time and in consequence the 
sole function of the mixed bed is to per- 
form demineralization. 

The above system also protects the 
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Figure 907. The Doél III nuclear power station in Belgium. Flow rate: 5,600 m’.h”’ Triobed for the treat- 


ment of condensates. 


Raw condensate 
Flow of 
cation-free water 


SCR transfer 


MB 
transfer 


Treated condensate 





Figure 908. Stong acid cation-MB treatment 
column with external regeneration. 


mixed bed from suspended solids, 
traces of oil and the ammonia present in 
the raw condensate. 

To reduce the cost of this type of 
installation, Degrémont places a strong 
acid exchanger above an MB in the same 
treatment column (Figure 908). 

Another solution would be to use sys- 
tems that place three separate resin beds 
(strong acid, strong base, polishing strong 
acid) in the same column. This type of 
system has the following disadvantages: 

— complexity of exchanger construction; 
- risk of acidification of the treated con- 
densate; 

- tisk of fine particles of resin passing 
through. 


2.1.1.4 Combining filtration and 
demineralization in a single installation 


through the use of microresins on precoat 
filters 


The installation shown in Figure 91( 








2. Condensates 





Figure 909. Nuclear power station in Almaraz (Spain). Flow rate: ie x 732 m’.h’. SCR + MB columns. 


satisfies the two requirements described 
earlier for this type of system. 

However, although the initial invest- 
ment is lower, operating costs are far 
higher owing to the fact that powdered 
resins are costly and need to be replaced 
frequently, even when they have only 
been in operation for a short period of 
time. Powdered resins tend to become 
clogged by suspended impurities or else a 
leak in the condenser causes salinity to 
increase to an abnormal level. 

The maximum operating temperatures 
applicable to the above technique depend 
on the thermal resistance of the resins em- 
ployed and on whether silica needs to be 
removed from the water. In the latter 
case, the maximum temperature will 
range between 40°C and 50°C. 


It should be noted that this process of- 
fers filtration of exceptional quality. 


2.1.1.5. Filtration on an_electromag- 
netic filter 

This filter consists of a column of steel 
beads packed into a vertical chamber and 
controlled by an external electromagnetic 
field. Working at high rates and easy to 
clean, electromagnetic filters make it pos- 
sible to filter out certain metallic oxides 
from the condensate water at high tem- 
peratures without using coating products. 
This process is relatively costly. 


2.1.2. Conditioning 


The chemical conditioning of HP con- 
densates is performed using ammonia or 
morpholine (see Page 55). 
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RW - Condensate intake. 5 - Resin trap. 9 - Equalizing tank. 

1 - Precoat filter. 6 - Feed tank. 10 - Recirculation pumps. 

2 - Candle filters. 7 - Precoat tank. 11 - Feed pump. 

3 - Candle holder. 8 - Microresin injection 12 - Preliminary layer injection 
4 - Heater. system. pump. 


Figure 910. Combined filtration and demineralization. 


did 
LP CONDENSATES 


2.2.1. Conditioning 


The corrosion of condensate and return 
lines is mainly due to the acidity of the 
immediate environment. 

An acid pH is caused by the carbon 
dioxide released in the steam through the 
hot hydrolysis of the carbonates and bicar- 
bonates contained in the water. 


The solution is to use volatile, neutral- 
izing or film-forming amines such as 
cyclohexylamine, morpholine, DEA 
(diethanolamine), AMP (amino trimeth- 
ylene phosphonic acid), octodecylamine, 
etc. 


In most cases, the best solution is to 
use a mixture of amines and reducing 
agents with different vaporization and 
condensation coefficients, which will effec- 
tively protect short and long piping sys- 


2. Condensates 


tems in the heating installation from cor- 
rosion by forming a protective film of 
Fe3Ox. 

In certain cases, ammonia, ammonium 
phosphate, polyphosphates and pyrophos- 
phates are also used. 

These conditioning chemicals are 
recovered and recycled in the boiler plant 
in condensate returns. They also protect 
the tanks and supply lines from corro- 
sion. 


Injected by a metering pump at the 
level of the feed pump intake, most of the 
corrosion inhibitors listed above: 

— neutralize free COz, 
— maintain an inhibition pH of between 
8.5 and 9. 


Certain volatile reducing agents form a 
protective film of FesOx. 


Film-forming amines isolate the metal 
from the water by creating a mono- 
molecular barrier. 

Degrémont offers a complete range of 
conditioning chemicals, “Complexes” and 
“Kemazur’, which associate the most effi- 
cient molecules and thereby protect the 
installation effectively. 


2.2.2. Treatment 


If no pollutants are present, LP con- 
densates are of a quality comparable to 
distilled or demineralized water. They also 
offer potentially recoverable calories. 

One specific characteristic of LP con- 
densates is their high total iron content 
owing to metal particles becoming 
detached through erosion or rolling 
(steam speed). 





Figure 911. Installation for the treatment of condensate water in a dairy in Saint-Martin-de-Belleroche in 


central France. Flow rate: 20 m’.h". 
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BP condensates can be treated in cer- 
tain cases. It is advisable to consult the 
boiler manufacturer or the water treat- 
ment specialist. 


Possible treatments include: 
- iron removal by slow controlled fil- 
tration on a magnetic candle filter 
equipped with a permanent magnet (Fer- 
rostop filter); 
- softening of hot condensates on ion- 
exchange resins. 


Certain condensates liable to have been 
polluted by the process must undergo spe- 
cific treatment: 

- Condensates produced in the heat- 
ing of refinery stocks: according to 


the type of hydrocarbons dispersed, con- 
densates are purified by steam stripping 
and then filtered on a carbon precoat filter 
(aromatic hydrocarbons), or by coales- 
cence (Colexer) and diatom precoat fil- 
tration (insoluble hydrocarbons). 


- Condensates produced by the evap- 
oration of milk: after pH correction, 
these condensates are purified in a 
biological filtering process involving 
the use of carbon to remove the lactic 
acid. 


- Ammonia condensates produced 
by evaporation in sugar refineries: the 
fraction recycled in the boiler undergoes 
stripping or thermal deaeration. 


3. Water used in manufacturing processes 


3. WATER USED IN MANUFACTURING PROCESSES 


pil. 
PAPER MILLS 


The systems used to clarify surface 
water or to perform lime softening are 
similar to those used for drinking water or 
boiler water. The systems available 
include: 


2. 


BREWERIES AND FACTO- 
RIES MANUFACTURING 
CARBONATED BEVERAGES 


The most common methods of water 
treatment include: 
— carbonate removal from the water used 
to produce beer; 





rination nd filtration ; OSM0S1S ; 
i activated carbon Manufacturing 
—__—_—» Bottle washing 


- for clarification: Pulsator or Super- 
pulsator with Aquazur filters; 

- for lime softening: Densadeg or Turbo- 
circulator with Aquazur filters. 

The Densadeg RL delivers very clear 
water, which may not require filtration 
for certain uses (wrapping paper, cool- 
ing). 


— carbonate removal by lime and/or sof- 
tening of the water used in the prep- 
aration of lemonade and sodas; 

— partial carbonate removal and disin- 
fection (superchlorination and deodor- 
ization using activated carbon) of the 
water used in the preparation of bever- 
ages such as Coca-Cola and Pepsi-Cola, 
etc. 





Mineralization 


Figure 912. Preparation of the water used to manufacture carbonated beverages. 
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Figure 913. JBAS facility for the preparation of carbonated beverages in East Memphis (USA). Flow rate: 


50 mh". 


Figure 912 shows a line of the type 
described above. A safety filter is some- 
times included to trap any small particles 
of activated carbon. An ion exchanger can 





Carboxylic 
resin 





— carbonate removal or softening of the 
water used to wash bottles in the different 
industries. 

If the raw water is highly saline, the 
above processes may be insufficient and 
full demineralization will be required 


be used to perform carbonate removal if 
the cation resins necessary have been 
approved by the State concerned. The 
process then becomes: 


ne Dechlorination on 
—| Chlorination |> Contact eat : 
activated carbon 





using an ion exchanger or LP reverse 
osmosis. This process can also remove 
undesirable tastes. 


Water used to dilute alcohol is demin- 
eralized. 


3. Water used in manufacturing processes 


3,3, water can undergo the following treat- 
ment: 

TEXTILE AND DYEING - softening on carboxylic resin and car- 

FACILITIES bonate removal; 


— carbonate removal by lime (Gyrazur), 
Water treatment systems of average filtration and softening. 
capacity frequently use drilling water, Demineralization or reverse osmosis 
which must be brought into compliance lines may be necessary for air conditioning 
with the requirements of the boilers. The units in spinning or weaving rooms. 





3.4, 
ULTRAPURE WATER See Chapter 15, Page 845. 
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4. PRODUCTION OF INJECTION WATER FOR OIL 


RECOVERY 


In an offshore oil rig, the injection 
water for secondary recovery is generally 
treated as follows (Figure 914): 

- prechlorination using the NaClO 
obtained by the in situ electrolysis of sea 
water; 

-— fine straining (between 100 and 250 Lm); 
- in-line flocculation using an organic 
“Kemazur’ coagulant; 

- high-speed filtration on FECM (sand) 
or FECB (dual media of anthracite and 
sand) type granular compact filters, which 
remove between 92 and 96% of the parti- 
cles exceeding 2 [Mm in size; 


— degasification by means of a vacuum 
deaerator (2 or 3 stages) or a gas stripping 
process; 

— deoxygenation using ammonium bisul- 
phite or sodium sulphite; 

- bactericidal conditioning; 

- safety filtration. 


In certain installations, only particles 
greater than 10 Lm in size are filtered 
out. A number of systems comprise can- 
dle filters equipped with preliminary fil- 
tering layers, which receive a continuous 
feed of diatomaceous earth. Make-up 
water to LP boilers can be obtained by re- 





Filter 
Sea water 


Strainer 





Dewatering 
pumps 
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Vacuum deaerator 
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Figure 914. Water treatment system for offshore processes. 


4. Production of injection water for oil recovery 


verse osmosis or distillation. The clar- 
ification treatment implemented on dry 
land may be more extensive and comprise 
a settler, particularly as the water in coastal 
estuaries contains large quantities of silt. 

Deoxygenation can be carried out 
using one of two possible methods: 








Figure 915. Sea water filtration facility in Upper-Zakum (Abu Dhabi). Flow rate: 6,000 mh", 


— stripping using natural gas where avail- 
able, provided that the gas is not acid and 
that off-gas can be burned; 

— a 2- or 3-stage vacuum deaerator. If the 
deaerator is of the correct size, it will not 
subsequently be necessary to use costly ox- 
ygen scavengers in large quantities. 


ee = 
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5. PURIFICATION OF BRINE 


Dale 

PRODUCTION 

OF PURIFIED SALT BY 
RECRYSTALLIZATION OF 
UNREFINED ROCK SALT 


— Clarification and deaeration of unre- 
fined brine. 


Size 

MAKE-UP TO ELECTRO- 
LYTIC SODIUM CARBON- 
ATE AND CHLORINE PRO- 
DUCTION SYSTEMS 


— Partial sulphate removal using barium 

carbonate or barium chloride. 

— Precipitation of Mg** and Ca’? by 

caustic soda and sodium carbonate. 
These treatments can include interme- 

diary operations such as deaeration or 





D9: 

CONTINUOUS PURIFICA- 
TION OF BRINE IN ELEC- 
TROLYTIC MACHINING 


mys . 2 : 2+ 
- Precipitation of Mg” by lime and Ca 
by sodium carbonate in Circulator or 
Turbocirculator type reactors. 


- Partial sulphate removal using lime 
or sodium chloride, recycling of 
mother liquor of crystallization in 
Densadeg RP type reactors with a high 
sludge concentration. 


pH correction. Treatment is frequently 
followed by filtration on sand, with an 
FV 2-type filter or similar. 


Diaphragm cells developing current 
densities of up to 7,000 A.m™ require 
more stringent treatment (Figure 916): 


— removal of traces of Ca’* on special 
softening resins (up to 50 Ugl’ Ca’*); 


— dechlorination under vacuum, possibly 


- completed by SO3"; 


— sidestream dechlorination. 


The objective is to limit the increase in 
metallic hydroxide content by the side- 
stream treatment of brine on a centrifuge 
or on a precoat filter. 


5. Purification of brine 
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Figure 916. Flow sheet of the Aracruz facility in Brazil for the chemical purification of brine on diaphragnt 
cells. Flow rate. 65m’.h". 








Figure 917. General view of the Aracruz facility in Brazil. 
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6. COOLING WATER 





The operator of a cooling system gener- 
ally encounters three main problems: 


— fouling and biological growth; 


— scale deposits; 


Evaporation 


Conditioning 








— corrosion. 

Figure 918 shows an open recirculating 
cooling system with the different devices 
used to treat the water or to inject condi- 
tioning products. 


Recycle flow 


Hot fluids 


Heat exchangers 


Sidestream filter 


Figure 918. Flow sheet of an open recirculating cooling system. 


op 


PROTECTION 
AGAINST FOULING 
AND BIOLOGICAL 


GROWTH 
(See Chapter 2, Page 60.) 


Prevention is more important than 
cure. The ultimate objective is to imple- 
ment an inexpensive solution that is both 
efficient and ecological. 

Colloidal matter is particularly harmful 


in that it coagulates on hot surfaces and 
creates an insulating film, which supports 
and feeds biological growth. 


6.1.1. Treatment of make-up water 


Depending on its degree of pollution, 
make-up water will be treated as follows: 
- clarification with coagulation and fil- 
tration; 

— direct filtration; 
— oxidation where necessary (NaClO, 
etc.). 

Lime softening makes it possible to 
coagulate the water and reduce salinity in 


6. Cooling water 


the same settler simultaneously. Further, 
this process has a direct effect on the bio- 
logical quality of the water in the system. 


6.1.2. Treatment of the system 


Several methods may be implemented. 


6.1.2.1. Sidestream filtration with 


optional in-line coagulation 


It is advisable to filter a certain fraction 
of the circulated flow rate in order to limit 
the quantity of suspended solids in the 
system. The sidestream filtration flow rate 
normally totals between 5 and 10% of the 
recycled flow rate. This percentage can 
naturally be increased if the system needs 
to meet particularly stringent require- 
ments or if it is vulnerable to certain types 
of pollution (sand storms, dust produced 
by certain processes, etc.). 

The use of organic coagulants is recom- 
mended for water liable to clogging. 


6.1.2.2. Use of organic dispersants 


The role of these products is to main- 
tain particles in suspension, thereby pre- 
venting the formation of deposits in areas 
of low circulation and on exchange walls. 
They can also regulate the development of 
the protective films formed by the corro- 
sion inhibitors with which they are often 
associated (see Page 155). 


6.1.2.3. Use of surface-active com- 
pounds 


Lowering the surface tension makes it 
easier for biocides to access and destroy 
fouling. The surface-active agents imple- 
mented can be cationic, anionic, ampho- 
teric or non-ionic. The length of the car- 
bon chain influences the detergent 
properties of the agents used. 

Use of surface-active compounds is 
particularly recommended in the follow- 
ing cases: 





Figure 919. Nuclear power station in Leibstadt (Switzerland). Flow rate: 3,600 m’.h'. Carbonate removal 
of water from the Rhone river. 
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— system preparation (see Page 1377); 

- disinfection in association with bio- 
cides; 

- cleaning and pollution control (oil, 
grease, hydrocarbons, etc.). 


6.1.2.4. Use of chlorine and bromine 
derivatives 


The most commonly used reagent is 
NaClO. The chlorine acts as an oxidant 
and biocide and also has coagulant prop- 
erties. 

Cl: requirements may be high owing to 
the fact that the release of organic matter 
trapped on the different surfaces can mul- 
tiply initial chlorine demand by a factor of 
between ten and fifteen. 

Chlorination treatments are generally 
performed on a fairly irregular basis, ie., 
between three times a day and four times 
a year. To prevent the acceleration of cor- 
rosion phenomena, the quantity of resid- 
ual free Cl in the systems should not 
exceed 1 mg.l™. 

Bromine derivatives offer an advantage 
= = 
=] 


—= Fi 
ee — ; 


= 


over chlorine in that they are more active 
in a basic pH and in an ammoniacal 
medium. However, they can be difficult 
to implement. 


6.1.2.5. Use of biocides 


If preventive treatment is performed 
using the products described above, it is 
generally possible to limit the use of bio- 
cides such as algicides and bactericides. 
These products will then be reserved pri- 
marily for major offensives in periods 
where biological growth is particularly 
likely to occur (Spring, Autumn) or when 
the water is accidentally polluted. 


(a) Effect of biocides 

The chemical compounds used to con- 
trol the biological content of the water in 
cooling systems act in two main ways: 


- Compounds acting on the mem- 
brane of the cell wall 

— quaternary ammonium (cationic prod- 
ucts) with surface-active effects; 

— certain amine derivatives; 
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Eg 
a 
a 
4 
ed 
& 
& 
<< 





te 920. sured facility (Germany) operated ~ Bayer. Flow rate: 350 m’h". sian filtration 


on a valveless filter, dia. 6.7 m. 





- phenols and chlorophenols: these com- 
pounds produce hazardous discharges and 
are prohibited in systems with blowdown 
devices; 

— certain aldehyde compounds. 


- Compounds acting on cell metabo- 
lism (enzymatic inhibitors) 

— organosulphur compounds; 

— certain amine derivatives. 


(b) Implementation 


- The following factors must be taken 
into account in the choice of a biocide: 
- the pH of the water (important for 
optimum conservation and efficiency); 

— compatibility with treatment aids (ion- 
icity, chemical affinity, etc.); 

— contact time; 

— habit-forming phenomena (particularly 
in the case of frequent injections). 


- The association of biocides and 
sidestream filtration makes it possible 
to optimize two processes: 


6. Cooling water 





— protection of the filtration media by 
frequent cleaning of sand; 

— preliminary cleaning of the systems pri- 
or to start-up. 

A number of steps can be taken to pre- 

vent the development of microorganisms: 
— ascertain the direct or indirect causes of 
formation (contamination, nutrients, sys- 
tem design and operation); 
— define possible methods of prevention; 
- closely monitor the development of 
microorganisms from an objective stand- 
point on the basis of reliable analyses. 

The development of microorganisms 
should be controlled through a specific 
program, which takes into account the 
objectives of the treatment, the effects in 
the long term and the effects on the 
medium concerned. The success of the 
program will hinge upon the use of suit- 
able conditioning products and the ex- 
pertise of the operators involved, who 
must possess an in-depth knowledge of 
treatment processes. 





6.2. 

PROTECTION 

AGAINST SCALE DEPOSITS 
AND CORROSION 


Three types of process are commonly 
used: 


6.2.1. The “natural balance” process 


Based on the Ryznar index (see Page 
425), this process consists in adjusting the 
pH and the M alk. of the water circulat- 
ing through the system to achieve a bal- 
ance. This is done by introducing alkaline 
or acid reagents in limited concentrations. 

Attractive by its simplicity, the above 


process nevertheless involves a number of 
constraints: 

— The optimum water balance is defined 
for a specific temperature whereas, in re- 
ality, the temperature of the water in a 
cooling system varies constantly. 

-— The permissible concentration of dis- 
solved salts in the water circulating 
through the system is limited. Frequent 
blowdowns and significant amounts of 
make-up water are therefore required. 

— The water is in a state of unstable bal- 
ance: the pH can drop considerably when 
the water enters the cooling tower (exces- 
sive absorption of COz, etc.). 


Figure 921 shows the average pH on 
the basis of the M alk. of the water flow- 
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ing through an open recirculating system 
on a cooling tower. 

This process is still applied to systems 
in power stations operating on a virtually 
once-through basis (with very low concen- 
trations). In this type of system, temper- 
ature deviations are slight and cleaning is 
performed using a ball-based system. 


6.2.2. Processes with scale inhibitors 


6.2.2.1. Principle 


Especially suitable for water that has a 
tendency to scale, this process consists in 
adding chemicals intended to retard the 
precipitation of calcium carbonate - par- 
ticularly in hot spots - into the system. 
The pH, M alk. and total hardness of the 
water are then calculated to establish a 
balance - even where such a balance is 
scale-forming — for cold temperatures. 

The retarders used are generally a mix- 
ture of polyphosphates, phosphonates and 





Figure 921. pH of the water flowing through an 
open recirculating cooling system. 


above all organic polymers with increased 
dispersive properties. 

These scale inhibitors increase the 
range of temperatures at which the water 
can be considered to be at equilibrium. It 
is thereby possible to apply Ryznar 
indices, which can drop to 4 and some- 
times lower. 


6.2.2.2. Advantages and disadvantages 
of precipitation retarders 

Stabilization processes offer a consid- 
erable advantage in that they make it pos- 
sible to operate in “free pH” conditions. 
However, a direct link exists between the 
pH and the M alk. (Figure 921). 


In reality, a “free pH” limits the 
M alk. of the water between 15 and 30 
Fr. deg., i.e., a pH of between 8.5 and 
9.3. The risk of corrosion increases 
towards M alk. 10 Fr. deg. and the risk of 
scale forming towards M alk. 40 Fr. deg. 
The pH concentration ratio is there- 
fore also limited. 


The use of sulphuric or hydrochloric 
acid can lower the M alk. but the pH is 
therefore no longer free and the SSA is 
increased. 


The use of scale inhibitors in stabiliza- 
tion procedures therefore controls the for- 
mation of a protective film “of calcium 
carbonate. This film can, however, be 
highly sensitive to variations in the sys- 
tem’s parameters (acidity, SSA, insuffi- 
cient reagents, etc.). 


The scale-forming characteristics and 
the pH of the water limit the risks of cor- 
rosion. The role of the SSA is never- 
theless essential in that chlorides and 
sulphates accelerate the disintegration of 
passivating protective films. Generally 
speaking, in controlled scale-forming op- 
erating conditions, the expected corrosion 
rates for steel are: 


6. Cooling water 


— lower than 100 fm per year if SSA 
< 50 Fr. deg. 
— lower than 150 Lm per year if SSA 
075 Fr: deg. 


6.2.2.3. Improvements obtained 
through the injection of additional in- 


hibitors 


In order to reduce corrosion rates, other 
ingredients can be added to the anti-scale 
compounds used. 


- Zine. Zinc is a cathodic corrosion in- 
hibitor. At the usual doses of anti-scale 
compounds and at a pH generally higher 
than 8.5, the zinc content in the system 
remains below mg.l. The presence of a 
dispersant has a favourable effect on the 
zinc content. In these conditions, the cor- 
rosion rate can be reduced by between 20 
and 50%, particularly where the water has 
a low SSA. Zinc can also intensify the 
effects of certain biocides. 


- Copper corrosion inhibitors: (azole 
derivatives, see Page 428). 

This type of compound is particularly 
recommended when phosphonates are 





present in the water because they can 
accelerate the corrosion of cuprous metals. 
- Chromates: Chromates are efficient in 
concentrations of a few mg.!”. However, 
Cr(VI) is toxic and must be transformed 
into Cr(III) during the blowdown process 
prior to discharge. 


6.2.3. Processes with corrosion 
inhibitors 

The risk of scale forming is eliminated 
by lowering the pH of the water to 
around 7 (controlled pH) or by making it 
softer (through a softening or demin- 
eralization process). 

At the same time, a corrosion inhibitor 
is introduced into the system and forms a 
protective, adhesive, homogeneous and 
non-porous film, which has no effect on 
heat exchange. 

Most of the corrosion inhibitors used in 
open recirculating systems are composite 
substances ensuring both anodic and ca- 
thodic protection (see Page 427 and table 
98). The requisite dose is usually a few 
dozen mg.". 


Table 98. Comparative table of the properties of the four main families of cor- 
rosion inhibitors for use in open recirculating systems (with a cooling tower). 









Chromate-zinc 


: zinc 
+ dispersant 





6.4-7 





pH range 6.4 - 6.8 
























per year 


Polyphosphate- 


+ dispersant 



















Phosph 
Phosphonate- CEP RaLeS 
: + dispersants 
aed + organic 
Bea eean inhibitors 












2 6.5 -8 6.8 - 7.5 





























Contact 

> 100 
melt) > 100 approx. 50 approx. 70 
Efficiency Excellent Very good Good Excellent 
Corrosion 
rate, [im SU < 60 < 100 = 50 
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Zinc is one of the most frequently 
encountered binary elements. According 
to the formulations used, the pH of the 
water in the system should be close to 
neutral or slightly acidic in order to ensure 
that zinc remains ionized close to the wall. 


6.2.3.2. Optimizing the pH 

The M alk. of the make-up water must 
be low in order to ensure that the pH of 
the water in the system remains within the 
desired range. This requirement can be sat- 
isfied using one of three possible methods: 
- injection of acid: this method has the 
disadvantage of increasing salinity; 
- removal of carbonates on carbox- 
ylic resin: this reduces both the M alk. 
and the hardness of the water and hence 
decreases salinity; 
- lime softening: if the water needs to 
be clarified. 


6.2.3.3. Finding the optimum concen- 
tration ratio 

The concentration ratio must be as 
high as possible in order to minimize the 
quantities of water and conditioning 
products required. The optimum level 
will depend on: 
— system operating conditions (search for 
spurious leaks, etc.); 
- risk of salt precipitation; 
— the recommended contact time for the 
inhibitor selected. 

If sulphuric acid is used to maintain 
the pH at the correct level, the consequent 


increase in the quantity of SO,” ions 
makes it necessary to limit the concentra- 
tion ratio in order not to exceed the solu- 
bility product of calcium sulphate. It may 
be useful to perform preliminary carbon- 
ate removal, which will remove alkalinity 
and calcium and thereby make it possible 
to increase the concentration. 

Silica rarely poses a problem except in 
the Far East where fresh make-up water 
can contain several dozen mg’. 

The desired concentration rates gener- 
ally range between 3 and 6 but can rise to 
8 or higher with certain types of puri- 
fication (demineralized make-up water, 
sidestream purification), or conditioning 
treatments, thereby simplifying the prob- 
lem of subsequent discharges. 


6.2.4. Discharges 


The vast majority of cooling systems 
require blowdown and this raises the 
problem of discharges. 

It is forbidden to discharge water con- 
taining chromates where the concentra- 
tion of Cr(VI) exceeds 0.1 g.m™. Howev- 
er, a number of industrial processes have 
been developed to destroy both chromates 
(see Page 260) and zinc. 

The concentrations of P2Os; and zinc 
generally required in cooling systems (< 


20 mgt! and < 5 mg.I™ respectively) are 


usually tolerated in discharges although 
standards are currently changing. 





G3: 

CHOICE OF PROCESSES: 
HOW TO DESIGN 

A COOLING SYSTEM 


The chemical composition of water is 


not the only factor to be taken into con- 
sideration when designing a cooling sys- 
tem, but it nevertheless affects a number 
of aspects of system design. Consulting a 
specialist in water treatment and condi- 
tioning at the outset of the project offers a 
number of advantages: 


6. Cooling water 


— It would be unfortunate if the new 
installation did not make use of any new 
processes that may have been developed 
and tested. 

— It is sometimes possible to choose be- 
tween water from two or more sources. 

— The treatment of make-up water can 
easily be integrated into the installation’s 
general water treatment system. 

— The quality of the water available on 
the site could make it possible to use a 
system that is relatively easy to protect. If 
the water in contact with the surfaces to 
be protected is renewed at an excessively 
slow rate, it is practically impossible to 
protect the system by adding chemicals to 
the water. 

- The type of protection chosen influ- 
ences the choice of construction materials: 
cooling apparatus, pumps, pipes, etc. 


6.3.1. Basic data 


The basic data involved are as follows: 
- analyses of water and system design; 
— system characteristics (flow velocities, 
materials, temperature gradients, “skin” 
temperatures, etc.); 
- desired efficiency; 
— operating constraints: 

. possible concentration, 


6.4. 
SAVING WATER 


6.4.1. Re-using industrial or domes- 
tic wastewater 


Purified wastewater is sometimes 
recycled to improve operating results. 
Where water resources are inadequate, 


. use of acid reagents (H2SO, or HCl); 
— discharge constraints; 
— Operating costs. 


6.3.2. Operating reports 


It may be necessary to consider several 
alternatives and to draw up operating 
reports in order to compare different pro- 
tection processes. These reports should 
include all items related to operating 
costs, such as: 

— product consumption; 

— cost of water, which is often the most 
expensive item (several times more expen- 
sive than products, particularly if drinking 
water is required); 

- labour costs for the monitoring and 
maintenance of equipment; 

— amortization expenses; 

— reduction in cooling system mainte- 
mance costs and improved production 
capacity. 

Operating reports make it possible to 
better assess the consequences of increas- 
ing the concentration ratios. Such an 
increase would accelerate amortization of 
purification facilities (carbonate removal, 
filtration, etc.) by reducing operating 
costs. 


however, as in the case of oil refineries, it 
may be a necessity. (See chapter 26, par. 
4.3, page 1413.) 


6.4.2. Sidestream purification 
Sidestream chemical purification can 

be a useful option or a necessity: 

— to maintain high levels of concentration 

(8 to 12); 

— to remove most of the silica: quantities 

of water far smaller than the amount of 

make-up can be softened using lime and 
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caustic soda owing to the substantial pre- in order to achieve zero blowdown. The 
cipitations of carbonate and silica. treatment can be implemented in associ- 

Sidestream treatment is now imple- ation with a zinc chromate corrosion in- 
mented fairly widely in the United States _hibitor (see Figure 922). 


Condenser DIRECT SYSTEM Cooling tower 


Cooling tower 
Filter wash water 


Inhibitor 


Chemical 


peace Filtration CO, on toes 


SIDESTREAM SYSTEM 





Fig. 922. Flow sheet of a sidestream purification system. 
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Fig. 923. Refinery in Tosco (USA). Flow rate: 37 m’.h”'. Sidestream purification for cooling system. 


6. Cooling water 


6.5. 

SPECIAL CASES: 
ONCE-THROUGH 
SYSTEMS 


In these systems, the concentration fac- 
tor cannot be used to limit reagent con- 
sumption. Contact time is usually short, 
however. Table 99 lists the different kinds 
of treatment that can be applied. 


6.6. 
SPECIAL CASES: CLOSED 
SYSTEMS 


The system is filled with softened or 
demineralized “noble” water. 

The main methods of protection are 
listed in table 100. 

Corrosion inhibitors must ensure com- 
plete anodic protection and the level of con- 
centration should be maintained at about 
one gramme per litre. Formulations must 
also be adapted to the different metals in the 
system, particularly when copper 1s used. 

Oxygen scavenging is carried out on hot 
systems or where particular resistivity 
requirements need to be met. The oxygen 
input is controlled by the introduction of 
nitrogen. 

There now exist an increasingly large 
number of systems, which, although re- 


Table 99. Protection of once-through cooling systems. 















- Fouling and - Straining and/or Clarification- 
- Biological growth Filtration, 
Removal of iron (for certain 
types of drilling water) 
Dispersants 
Chlorination 
Biocides (on a periodic basis) 
- Scale deposit - Scale inhibiting compounds-Dis- 
persants 
— Corrosion - Corrosion inhibitors (e.g., small 






quantities of polyphosphate- 
zinc) 
pH adjustment 







ferred to as “closed”, undergo considerable 
losses in reality and therefore require a 
certain amount of make-up water and 
effective pollutant control measures. 


Table 100. Protection of closed cooling systems. 


- Fouling - Sidestream filtration 





















Dispersants 
- Biological growth - Biocides (shock treatment) 
- Scale deposit - Softening 


Demineralization 





~ Corrosion - Corrosion inhibitors in large 


quantities (chromates, nitrites, 
phosphates, molybdates, organ- 
ic) + buffering salt (borax) 

or 

Oxygen scavengers (sulphite, 
tannate, hydrazine, etc.) + 
increased pH (amine, phos- 
phate) 















oak 
SYSTEM PREPARATION 


The start-up phase is of capital impor- 
tance: an irreversible process of corrosion 


can begin as soon as the water comes into 
contact with the steel. Conditioning must 
therefore be started as soon as the water 
enters the system. The preparatory process 
is as follows: 


Yai! 
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— clean the system with dispersants and 
detergents; 

— add large doses of inhibitors to form 
the protective layer. 


6.8. 
TESTS 


It is essential to conduct tests to make 
sure that the conditioning treatment has 
been properly implemented and is effec- 
tive. Tests focus on: 

— water and reagent consumption; 

- functioning of water purification and 
reagent injection stations; 

- analyses of the water (make-up and 
system, in particular: pH, M alk., Ca, Cl, 
inhibitor content); 

— corrosion measurements: 
meter, coupons, test nipples; 


corrosion 


This layer must subsequently be main- 
tained by means of a metering unit asso- 
ciated with the make-up water flow rate. 


— the quality of heat exchange: if pos- 
sible, the heat transfer coefficient of one of 
the exchangers in the system should be 
measured to provide a reference. 


Thorough conditioning of the cooling 
water is essential for the efficiency of the 
production unit and the performance of 
the overall system, particularly during the 
first few weeks of operation. 

The user and the water treatment spe- 
cialist must work in close association. 

Degrémont has developed a range of 
products and processes (“Kemazur” and 
“Complexes”) to meet all conditioning 
requirements. 





On: 
COOLING SYSTEMS USING 
SEA WATER 


These systems are used to cool power 
station condensers and arrays of heat ex- 
changers. 

The water intakes comprise a screen 
and a 4 mm mechanical strainer. The 
strainer provides essential mechanical pro- 
tection and also plays a role in protecting 
the system from corrosion (less deposits). 
Construction materials must be selected 
with caution (see Page 447): 

— concrete or enamelled iron for pump 


volutes and bronze or 18.8.3 stainless steel 
for impellers; 

— plasticized steel water box; 

— concrete collectors and steel auxiliary 
systems protected by a sacrificial anode; 
— screens with fixed-voltage cathodic pro- 
tection. 


6.9.1. Once-through systems 


Once-through systems are generally 
used for condensers operating in coastal 
power stations or on board ships. 

Corrosion protection: Titanium ex- 
changers, which are used in the most 
recently built nuclear power stations, need 
no special treatment. However, copper 
alloys, particularly admiralty brass, 


6. Cooling water 


require a protective film of iron 
hydroxide, which is formed by adding 
1 mg.I' of Fe** in the form of sulphate 
heptahydrate to the water for a period 
of one hour daily on approximately 
300 days of the year. 


Protection against deposits (to 
reduce corrosion). The requisite biocide 
treatment is aimed primarily at mussel 
control. Doses of chlorine (obtained by 
the in-situ electrolysis of sea water) are 
added into the system. The residual 
dose at the condenser outlets should be 
0.2 mgl". 


Chlorination will be performed on a 
continuous basis if the temperature of the 
sea water is 30°C or higher and on a dis- 
continuous basis for lower temperatures, 


e.g., 15 minutes every 6 hours. Chlo- 
rination may be omitted altogether at 
temperatures of less than 12°C. 

The on-line mechanical cleaning of 
condensers is also becoming increasingly 
common in nuclear power stations. The 
process relies on zircon-spiked balls, which 
also remove scale deposits. 


6.9.2. Open recirculating systems 


Open recirculating systems are rare but 
may be necessary in certain cases. The 
concentration ratio for this type of system 
cannot exceed 1.2 - 1.3. In addition to 
the precautions described for open sys- 
tems, make-up water must undergo an 
injection of acid to reduce the M alk. It is 
also advisable to condition the water 
using an inhibiting-dispersing agent. 
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INDUSTRIAL PROCESSES 
AND THE TREATMENT OF WASTEWATER 


1. DESCRIPTION OF TREATMENT TECHNIQUES 


tae 


ORGANISATION 
OF SEWERS 
AND SYSTEMS 


The organisation of sewers and systems 
is closely related to the different types of 
industry and, as a result, a whole array of 
configurations exist. In all cases, it is 
essential to avoid unnecessary dilution 
during treatment. The following princi- 
ples must be carefully followed: 

- cooling water, if not treated in an open 
recirculating system, and non-polluted rain 
water are discarded in separate systems, 

— waste process waters presenting high 
toxic concentrations or specific pollutants 
are collected separately, as for example, 
cyanide water, chromate water, saline 
water, 

- potentially polluted rain water is con- 
veyed to the treatment plant, 

— water for reclaiming or recycling is pre- 


treated prior to mixing with other con- 
taminated wastewater. 

Equally, where hydraulic and pollutant 
flows are too variable, they are regulated by: 
- storm tanks, placed in a by-pass con- 
figuration for storing first-stage polluted 
water. Recovering this low-flow water and 
then channelling it towards purification 
means that treatment is not oversized, 

- homogenisation tanks designed to 
store all effluents produced by a unit or 
entire facility for a few hours, or even a 
few days. These tanks are fitted with mix- 
ing units. Their function is to clip pollu- 
tion peaks and enable, to a certain extent, 
programming of the treatment process, 

— safety tanks left empty and designed to 
store raw effluents for one or two days in 
case they present abnormal characteristics 
such as toxicity. These tanks can also be 
used to store effluents undergoing treat- 
ment in the event of interruption of a sub- 
sequent purification process. These two 
functions can be combined in one tank. 
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es 


SEPARATE TREATMENT 
OF EFFLUENTS 


These procedures consist of separate 
purification of wastewater produced by 
specific workshops. Separate treatment 1s 
justified either by: 

— reclaiming of by-products (for example, 
flotation in slaughterhouses, recovery of 
fibres from paper mills), 


leo: 
PRELIMINARY 
TREATMENT 


The conditions of preliminary treat- 
ment of industrial wastewater are also 
varied: 

Automatic screening is desirable for 
most industries and essential for others 
such as the agrifood industries and paper 
mills. 

Grit removal is carried out in a few 
cases only (steel works, rolling mills, 
foundries, sugar mills, sandpits) and on 
certain types of rain water. 





— or the lower cost of purification of con- 
centrated wastewater (for example, de- 
sulphurisation of spent caustic soda used 
in oil refineries), 

— or detoxication processes (chromium, 
solvents, sulphides) required prior to bio- 
logical purification, 

— or optimisation of biological treatment 
(for example, methane fermentation of 
concentrated effluents from the agrifood 
industries). 


Grease removal is frequent on AFI 
effluents and those from cold rolling mills. 

Oil removal is often necessary: for ex- 
ample, hydrocarbons and oils from lubri- 
cation circuits or storage of combustible 
materials, and, in some cases, oil from 
manufacturing processes. 

Neutralisation when not included in 
physical-chemical treatment may be 
required before the biological treatment 
process. 

Cooling is sometimes used to protect 
biological purification or satisfy discharge 
standards for coke plants, the chemical 
and petrochemical industries, pulp and 
paper mills. 





1.4. 


PHYSICAL-CHEMICAL 
TREATMENT 


Depending on the industry, physical- 
chemical purification may serve as an in- 
termediate or final stage of treatment. It 
has one or several functions: 

— precipitation of toxic or undesirable 
metals and salts (SO”, F, etc.), 
— removal of oils in emulsions, 
- clarification with concomitant reduc- 


tion of colloidal BODs and corresponding 


“COD; 


Physical-chemical treatment implies 
maintaining pH levels within a relatively 
narrow range. Depending on the type of 
process (precipitation, crystallisation, 
adsorption or flocculation), treatment can 
be performed in clarifiers of differing 
types, including: 

— scraper clarifiers, 

-— flotation units such as Flotazur or Sédi- 
flotazur for the removal of oils, fibres and 
pigments, 


1. Description of treatment techniques 


— lamellae clarifiers such as Sédipac for 
the precipitation of hydroxides, 
- sludge circulation clarifiers such as 
Densadeg and Turbocirculator, 
— granular media filters for water 
with a low oil content (refineries, roll- 
ing mills). 

Optimisation of the purification proce- 
dure and space constraints are key param- 


eters in the choice of physical-chemical 
treatment. Depending on the circum- 
stances, treatment can be combined with 
the following: 
— neutralisation with the pressure Tur- 
bactor where necessary, 
— oxidation or reduction. 

Automatic pH or redox potential PLCs 
are used for these procedures. 





bh. 
BIOLOGICAL 
TREATMENT 


Using biological treatment depends on 

the biodegradability of wastewater. The 
technique must also account for factors 
specific to WW: 

— water which has undergone preliminary 
physical-chemical treatment has low SS 
loads and its BODs is mainly soluble, 

— its nutrient structure is rarely balanced. 
Correction of P and/or N content is often 
necessary, 

— strong concentration of mineral salts is 


16. 
TERTIARY TREATMENT 


Once biological purification has been 
completed, tertiary treatment seeks to ful- 
fill different objectives: 
~ reduction of SS, 

— removal of specific compounds (PAH, 
phenols), 


frequent and their rapid variations can 
disturb the purification process (synthetic 
chemistry), 
— sludge ageing is often useful for the sta- 
bility and efficiency of the process, 
— special attention must be paid to main- 
taining stable pH zones and relatively 
even temperatures, 
— starting up of treatment methods may 
require appropriate seeding. 

The different processes used are: 
— activated sludge, 
- attached growth (trickling filters with 
plastic media, such as Biofor, Biodrof), 
— anaerobic treatments such as Analift, 
Anapulse, Anaflux and Anafiz. 


- reduction of residual colloidal COD 

requiring high dosages of coagulant. 
Tertiary treatment can be carried out 

in different configurations and makes use 

of the following: 

— clarifiers (Densadeg, Turbocirculator), 

— flotation units (Flotazur etc.), 

— granular filters, with or without a dom- 
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inant for biological life (by addition of air 
or oxygen). 


Application of increasingly severe reg- 
ulations may require removal of non- 
biodegradable COD, colour and other 
specific compounds. This COD is due 
to organic compounds of various types 
including solvents, nitro- and sulphonic 
compounds, and dyes. COD removal 
procedures are the following: 

- adsorption on thermally or chemically 
regenerated activated carbon (Degrémont 
procedure, see page 228) or miscellaneous 


adsorbents, 
— ultrafiltration, 
— miscellaneous 


oxidation techniques 





using high-temperature and pressure ox- 
ygen, chlorine, ozone. 

Although many organic compounds are 
coloured, most of them absorb light in the 
ultraviolet region and not in the visible 
zone of the spectrum. Even if dyes are of 
natural or artificial origin, they automat- 
ically incorporate chromophoric groups, 
that is, functions having an excess of elec- 
trons (double or triple bonding, aromatic 
cycles) and heterocyclic compounds con- 
taining oxygen, sulphur or nitrogen. 
Among the techniques available for 
removing colour, one of them uses ox- 
idation reactions to degrade the molecules 
responsible for the colour. Strong oxidants 
such as ozone are used in the procedure. 


Figure 924, Malt factory at Vitry-le-Frangois, Eastern France. Biological purification and tertiary treatment 
of wastewater used for recycling. Capacity: 100 m?.h™, 


1. Description of treatment techniques 


eck. 


SPECIAL ASPECTS OF 
SLUDGE TREATMENT 


Sludge from different stages of indus- 
trial wastewater treatment often contains 
a high concentration of mineral matter 
which, on the one hand, facilitates dewa- 
tering procedures but on the other, results 
in incineration being of little use or diffi- 
cult to perform (carbonation of flue gas 
scrubbing systems, for example). 

Thickening and dewatering procedures 
differ from municipal sludge trearment: 
— essentially mineral sludge can be thick- 
ened by high solids loadings and stored 


1.8. 
ODOURS 


The table below presents the different 


Industries 


Cement works, lime kilns 


Pharmaceutical industries 


Food industries 


Food industries (fish) 


Fermentation products 





in relation to fermentation rates. It is 
thus possible to obtain useful heights of 
8 m, 

— in the case of mixed sludge from differ- 
ent origins, there may be a tendency to 
layering in the thickening process. This 
can be corrected either by recycling the 
sludge on the system or by maintaining 
two distinct thickening lines. Final desti- 
nations of dewatered sludge are not neces- 
sarily the same, 

- for dewatering purposes, Superpressdeg 
belt filters are better adapted than systems 
such as centrifuges or screw presses. They 
are engineered to accommodate sludges of 
different concentration and quality even 
throughout the day. 


unpleasant odours produced by certain 


The removal of odours is described in 
chapter 16, page 866 and chapter 24, 
page 1327. 


Origin of odours 


Acrolein, amines, mercaptans, ammonia, 


dibutyl sulphide, H2S, SO2, etc. 


Fermentation products 





Amines, sulphides, mercaptans 


Rubber industries Sulphides, mercaptans 


Organic compost Ammonia, sulphur compounds 
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2. THE AGRIFOOD INDUSTRIES 





UAE 


PIGGERIES AND OTHER 
STOCK RAISING 
EFFLUENTS 


Water from piggeries is earmarked (see 
page 89) by a very high concentration of 
SS and OM (expressed in BODs and 
COD). Furthermore, this wastewater has 
a high nitrogen content (N-NH« and 
N-TKN). 

In all cases, preliminary storage in a 
mixing unit is required. According to the 
type of food and raising method, fine 
screening should be carried out. 


2.1.1. Mid-size stock raising 
(<5,000 pigs) 


Treatment comprises two biological 
stages (figure 925). 
e A first anaerobic stage 

This first procedure comprises a sus- 
pended growth reactor followed by liquid/ 
solid separation (clarifier/thickener, belt 
filter, centrifuge): COD and SS removal 


rates reach 40% to 60%, and more than — 


Recirculation 


Storage and 
preliminary 
treatment 


Methane 
fermentation 





Figure 925. Treatment of piggery effluents. 


90% for BODs. On the other hand, nitro- 
gen removal is low. 
e A second aerobic stage by acti- 
vated sludge 

This stage can be combined with the 
treatment of other wastewater or even 
municipal effluents. It generally comprises 
an anoxic zone and must be sized for 
reduction of nitrogen-based pollution. 

The treatment procedure enables resti- 
tution to the natural medium of an 
effluent featuring the characteristics of 
biologically purified municipal wastewa- 
ter. Any sludge produced can be used for 
agricultural purposes. 


2.1.2. Large-scale stock raising 
or centralised units for the treatment 
of liquid manure 


The treatment procedure described 
above can be applied. 

The quantity of NH, to be removed 
justifies steam stripping followed by 
incineration of vapours, or air stripping 
with production of fertilisers. Preliminary 
concentration of liquid manure by evap- 
oration followed by centrifuging (with 
recyclable oil addition) is also applicable. 


Recirculation 


Desulphurisation 
(if needed) 
Liquid-solid 
separation 


Activated 
sludge 


Final 
clarifier 





fe 
SLAUGHTERHOUSES, 
MEAT PACKING 
AND ASSOCIATED 
INDUSTRIES 


Priority is given to internal facilities 
and efficient blood recovery. High-quality 
preliminary treatment is essential. 


-< 
= 
| 
ai 
1 


Figure 926. The SAPCO slaughterhouse in Plouay, 
Western France. Treatment of effluents by flota- 
tion. Capacity: 2,000 m’.d'. View of flotation unit 
surtace. 


2. The agrifood industries 








2.2.1. Preliminary treatment 


Special attention is paid to screening 
and straining owing to the high propor- 
tion of coarse products contained in the 
SS (meat, fat, hair, gut, straw, etc.). 

e Screening (8 to 12 mm) is carried out 
on straight or curved bar screens. 

e Straining on a rack with millimetric 
spacing is carried out either with a fixed 
bar rack or a perforated steel plate, or a 
moving screen (see page 604). 

Efficient straining removes 50% to 
80% of SS and 10% to 30% of BODs. 

e Grease removal is usually performed 
in grease removal tanks featuring air 
injection (see page 615). This enables re- 
moval of 30% to 40% of greasy sub- 
stances. 

e Cooling of hot water is sometimes ap- 
propriate for poultry slaughterhouses. 


2.2.2. Physical-chemical treatment 


This form of treatment consists of floc- 
culation of screened and strained water 
followed by separation of flocs. Dissolved 
air flotation is the most frequently used 
technique. 

Flocculation is provoked either by iron 
chloride and a polymer at neutral pH, or 
in an acid medium with the addition of 
lignosulphonates if flocculated proteins 
are to be recovered. 

This procedure can be carried out in 
slaughterhouses with a quartering 
workshop or combined with treatment 
Operations in a meat cannery. It en- 
ables reclaiming of these products in 
the form of flesh meal after thermal 
drying. Physical-chemical treatment 
removes 70% to 80% of BOD; and 
85% to 90% of SS. 
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2.2.3. Biological treatment 


According to discharge standards, bio- 
logical treatment can be carried out: 
- with medium- or low-rate activated 
sludge, 
- or on trickling filters with plastic media 
after careful preliminary treatment. 

Satisfactory separation of slaughter- 
house circuits enables anaerobic treatment 
of the most concentrated wastewater. In 
the frequent event of joint treatment with 
municipal wastewater, this technique of- 
fers economical preliminary biological 
treatment. 
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2.2.4, Manufacturing of gelatins 
and animal glue 


Highly alkaline water from lime 
treatment and washing of ossein is 
preclarified with recycling of milk of 
lime. Water is then neutralised by flue 
gas carbonation. Acidic water (from 
pig skin preparation) undergoes grease 
removal by dissolved air flotation. Af- 
ter storage in appropriate buffer tanks, 
water is mixed, neutralised by acid- 
ification and treated by extended aer- 
ation. 


See 


Figure 927. Treatment facility in Briec, Western France, for purification of municipal and slaughterhouse 
: =] c 
wastewater. Capacity: 2.2 t.d.. Treatment by extended aeration. 


2. The agrifood industries 


wey 
THE DAIRY INDUSTRY 


2.3.1. Treatment linked to 
manufacturing processes 


Figure 928 shows the main manu- 
facturing cycles. The flow diagram high- 
lights the possible uses of water treatment 
techniques. 


2.3.1.1. Recycling of evaporation con- 


densates 
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low-mineral condensates containing a lit- 
tle lactose. These condensates can be recy- 
cled either for floor washing, or to low- 
pressure boilers (see page 1359). 


2.3.1.2. Casein production 


Milk casein precipitation at a pH level 
of 4.6 is ensured by preliminary acid- 
ification of a fraction of milk to a pH of 
2.5 on strong acid resin. An original proc- 
ess uses (figure 929): 

— a Turbactor acidification reactor, 
— a moving CIE-type resin bed. 


Standard milk 


| Drying | ing 


Cheese 
factory 
whey 


To 
general 


Concentrated 
effluents 
purification 


Diluted effluents 


Neutralisation 


Biofiltration 


Figure 928. Manufacturing and wastes in the dairy industry. 
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2.3.2. General effluents recommended especially when a signif- 
icant part of the manufacturing cycle 
Treatment includes the following stages includes butter and cream production. 


(see figure 930): 2.3.2.2. General treatment 


e Homogenisation tanks 
2.3.2.1. Preliminary treatment Treatment often corresponds to 1 to 3 
work shifts and allows self-regulation of 
Once grit removal has been completed, pH levels. Correction of pH is still neces- 
removal of grease by air flotation is sary in the event of exceptional peaks. 





Hopper 


Regeneration 
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Figure 929. Casein production by resin acidification. 
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Figure 930. Treatment of general effluents from dairies. 
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Figure 931. Saint-Hubert dairy in Magniéres, Eastern France. Purification of effluents by methane fer- 
mentation. COD capacity: 2.8 .d'. View of the Anafiz reactor. 


e Biological purification — by methane fermentation if effluents 
Biological purification can include a pre-__ are relatively concentrated and have a | to 

liminary stage before activated sludge treat- 2% milk content (Anafiz reactor), 

ment. This enables considerable space saving - on an ordered packing trickling filter. 

and a decrease in overall energy require- This accommodates important load var- 

ments. This first stage can be carried out: iations and ensures fast lactose degrada- 
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tion. Recirculation is almost always nec- 
essary for ensuring minimum _ hydrau- 
lic flow. Depending on the material, 
a BODs load of 2 to 5 kg/m’.d allows 
a removal rate of 70% to 50%. This 
treatment may be sufficient before dis- 
posal of water in the local sewerage sys- 
penn 

Activated sludge purification is usually 
ensured by extended aeration. 





2.4. 


FRUIT AND 
VEGETABLE CANNING 


These industries are seasonal. They 
often separate waste wash water contain- 
ing relatively little pollution and_ hot, 
concentrated process water (blanching 





2.3.2.3. Sludge treatment 


Sludge is frequently used for agri- 
cultural purposes. To reduce its volume 
and adapt it for land disposal, sludge is 
either dewatered with a Superpress filter 
or thickened on a GDE screen. The latter 
solution is especially suited to the needs of 
ensilage and disposal using liquid manure 
tankers (6 to 8% concentration required). 


water with BODs reaching 25,000 mg. 
and water used for steam peeling). Prior 
to homogenisation, straining is always 
necessary to hold back vegetable debris. 
Separate treatment of process water is 
advisable as it is rich in carbohy- 
drates, quickly degradable by anaerobic 
treatment and presents little nitrogen 
content. Analift-type digestion is well 


Figure 932. The Entremont dairy, Malestroit-Missiriac-Saint-Marcel Sewerage association, Western 
France. Purification by extended aeration. BODs capacity: 3 t.d™. 


2. The agritood industries 


adapted to the high concentration of 
SS. 

Aerobic treatment can be used either 
directly on all effluents or subsequent to 
anaerobic purification of process water. It 
frequently consists of low-rate activated 


Process 


water ae a 
oe Straining Homoge- 
nisation 


Washwater 
Straining 


sludge treatment, or in some cases lagoon- 
ing. 

The “ready-to-eat-meal” industry also 
uses similar treatment methods. The first 
stage may be carried out by trickling filter 
methods. 
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Figure 933. Diagram showing the treatment of canning effluents. 





Figure 934. The Bonduelle canning facility in Renescure, Northern France. Purification of effluents by 


methane fermentation. COD capacity: 18 t.d'. View of the two Analift reactors. 
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Ge 3 


Figure 935. The Findus facility in Beauvais, Northern France. Purification of eftluents by activated sludge. 
BODs capacity: 7.5 t.d', 
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Figure 936. Flow diagram showing manufacturing and waste systems for the brewing industry. 


2. The agrifood industries 


22. 
BREWERIES 


Figure 936 shows the main manu- 
facturing circuits and specific treat- 
ments. 


2.5.1. Specific treatments 
or treatments associated 
with manufacturing 


These are included in the manu- 
facturing process or required as prelimi- 
nary treatment of effluents from specific 
workshops. They are: 

- filtering of mash, 

- filtering cloudy matter through hot kie- 
selguhr, 

- additional filter press dewatering of 
centrifugation cakes, 

— yeast recovery from bottom of storage 
vats by ultrafiltration or centrifuging 
processes, 

- flocculation and regeneration of alka- 
line liquor from bottling procedures. 


Methane 
fermentation 








Special care taken during these oper- 
ations reduces detrimental effects of draff 
and kieselguhr on general effluents. 

Other treatments are also specific to 
manufacturing (microfiltration, reverse 
osmosis). 


2.5.2. General effluents 


High biodegradability of pollution 
leads to a mainly biological purification 
method. Figure 937 illustrates the proc- 
ess. 

Preliminary treatment is indispen- 
sable and comprises: 

— maacrostraining adapted to draff, 

— a homogenisation tank regulating the 
pH with separate high-alkaline water 
storage, if need be. 

BOD; concentration is often high and 

requires two-stage biological treatment. 
e The first stage comprises: 
- methane fermentation of concen- 
trated wastewater. The techniques used 
are either the Anaflux fluidised bed (fig- 
ure 938), or the Anapulse sludge blanket 
reactor (figure 939). 


Alkaline baths 


Figure 937. Flow diagram showing the treatment of brewery effluents. 
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Figure 938. The El Aguila brewery in San Sebastian de Los Reyes, Spain. Purification of effluents by meth- 
ane fermentation. Total COD capacity: 50 t.d'. View of the four, 5-inetre dia. Anaflux reactors. 





Figure 939. The Sébastien-Artois brewery in Armentiéres, Northern France. Purification of effluents by 
- y 5 1 0 a 
methane fermentation. COD capacity: 10 td”. General view of the Anapulse reactor. 





— a high-load aerobic stage. The tech- 
niques used are: 

- trickling filters with plastic media 

(figure 941), 

- high-rate activated sludge. 

In the second case, the use of pure oxygen 
with DAF enables the setting up of space- 
saving treatment facilities as in the case of 
the Grande Brasserie de Champigneulles, 
in Maxéville, Eastern France. In this plant, 
brewery effluents are treated with MWW 
from the city of Nancy (figure 940). 


2. The agrifood industries 


e The second stage is generally car- 
ried out with low-rate activated 
sludge. Nutritional rebalancing is nor- 
mally required. It usually corresponds 
to N and P supply in aerobic puri- 
fication and trace elements in anaero- 
bic purification. 

It is worth noting that treatment of 
effluents from the manufacturing of car- 
bonated drinks is very similar to that for 
brewery wastewater. Operations in this 
sector are steadily increasing. 
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6 - Clarified municipal wastewater. 
7 - IWW + 20% MWW mix. 

8 - Activated sludge aeration tank. 
9 - Clarifiers. 


1 - Brewery effluents. 

2 - Homogenisation tank. 

3 - 3-stage, pure 02 activated sludge reactor. 
4 - Atmospheric activated sludge reactor. 

5 - Sédiflotazur. 


Figure 940. Flow diagram of brewery wastewater treatment at the Maxéville facility, Eastern France. Brew- 
ery effluents: 17 t of BODs per day maximum. MWW: 12.5 ¢ of BODs per day on average. 
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BG Consequently, total separation of 
re sludge-laden root washwater on an inde- 


POTATO AND STARCH pendent closed circuit is necessary. The 
INDUSTRIES blowdown can be sent to biological purt- 


fication of process water which has previ- 
: ously undergone preliminary treatment 
2.6.1. General aspects for protein recovery. 


The effluents from these industries 
contain starch and proteins and are there- 26.2. Treatment of process water 
fore very prone to fermentation and froth- 
ing. Recovery of proteins for animal fod- a) Production of potato crisps, deep 
der is frequent. frozen chipped potatoes and purée. 
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Figure 941. The San-Miguel brewery in the Philippine Islands. Purification of effluents by trickling filter 
and activated sludge. BODs capacity: 14 t.d". 
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Figure 942. The SITPA facility at Rosieres-en-Santerre, Northern France. Biological purification of waste- 
water from potato purée production. Capacity: 500 m?.h"!. 


2. The agrifood industries 


The peeling method (steam, caustic 
soda) has a direct influence on the precau- 
tions to be taken in the treatment of 
effluents from potato transformation. 

Process water from the peeling and cut- 
ting machines contains potato peelings 
and pulp. The water is strained and set- 
tled with or without food-quality floccu- 
lant. The separated matters are thickened 
and may undergo steam stabilisation; they 
are then dewatered (centrifuges or belt fil- 
ters) for re-use as cattle feed. 

Subsequent biological treatment com- 
prises one or two stages. Treatment is fre- 
quently the same as that in canning facto- 
ries. 


2:7. 


CANE AND BEET 
SUGAR MILLS 


In these industries, campaign organ- 
isations mean that a certain quantity of 
wastewater is stored and treated progres- 
sively outside campaign operations. 


2.7.1. Cane sugar mills 


Water from cane washing, which con- 
tains excess condensates and blowdown 
from the barometric condenser circuit, 
conveys practically all the pollution (sus- 
pended solids from 10 to 40 gl"). 

Recirculation is ensured at rates rang- 
ing from 30% to 90%. Water is processed 
after settling which separates suspended 
solids; the concentration of dissolved pol- 
lution is increased by“ PD" to 10 times 
(BODsap from 300 to 2000 mg.I"). This 
process includes: 


b) Starch factories 


The pollution and protein levels of 
BODs are often considerably higher, even 
if red liquor is separated into concentrated 
water from grating (COD less than 
50 gt") and diluted water from refining 
and washing (COD less than 2 g.I” 4), 


Following preliminary settling, treat- 
ment of concentrated red liquor comprises: 
— heat flocculation (50-70°C) in an acid 
medium, followed by centrifuging to 
remove 30% to 40% of COD and 
90-95% of nitrogen). 


Effluents are then conveyed to general 
biological purification. 


— separation of grit by tangential grit 
chamber or cyclone, 

— straining, 

- flocculation with anionic polyelectrolyte 
and lime for achieving a certain degree of 
disinfection, 

— a scraper clarifier which recovers water 
containing 0.5 to 1 g.I” of SS. 


The recycled water has to undergo 
additional disinfection (Kemazur). Dis- 
charged water is purified biologically ei- 
ther by activated sludge or in lagoons. 


2.7.2. Beet sugar mills 


Effluents contain sludge-laden water 
and present two main characteristics: 
— a progressive 3- to 5-fold increase in 
pollution during the 2- to 3-month cam- 
paign resulting from the recycling proc- 
esses, 
— tendency to acidification requiring the 
addition of lime: depending on mills, ei- 
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ther the process is limited to neutralising 
the pH level or the pH is significantly 
increased up to 11 to trigger a disinfecting 
reaction. High concentrations of calcium 
bicarbonate alkalinity can provoke mas- 
sive precipitation of CaCO; during meth- 
ane fermentation treatment. 

This sludge-laden water is almost 
always treated in a closed system. Blow- 
down is the main source of effluents to 
which is added diverse process water 
(diffusion, pulper, resin regeneration 
eluates). 

BOD; of water overflow increases by 
about 1 to 4 gJ' throughout the cam- 
paign. 

e Open recirculating system com- 
prises: 

- removal of stones in a grit chamber, 

— straining on vibrating screens or hori- 
zontal bar screens (2 to 3 mm), 


- flocculation by Prosedim anionic poly- 
electrolyte and lime addition, if needed, 
— a Cclarifier-thickener (dia. 30 to 60 m). 
Recycled overflow can contain 0.2 to 
1 gl of SS (short circuit), 

- disposal of sludge on lagoons (sedi- 
mentation basins) where post-settling is 
performed prior to additional recycling. 
This water is, in the case of a neutral pH 
circuit, either pure-oxygen conditioned, or 
chlorinated. 

This settling process can be skipped 
(long circuit) if dense liquor washers are 
used. 

e Biological purification of the 
deconcentration blowdown is 
ensured: 

— either, throughout the year by anaero- 
bic lagooning then aerobic treatment in 
lagoons placed downstream from sedi- 
mentation basins, 





Figure 943. Sugar factory in Julich, Germany. Wastewater purification with methane fermentation by 
Analift followed by activated sludge. COD capacity: 30 t.d™. 


2. The agrifood industries 


— or by the combination of anaerobic pu- 
rification (mainly during the campaign) 
and purification in aerated or natural 
lagoons. 

Methane fermentation can be 
carried out by Analift-type anaero- 
bic contact or by attached growth 





(Anafiz - Anaflux). The choice of 
technique must allow for the risk 
of CaCOs3 precipitation. 

e Excess condensates with low BODs 
loads and devoid of SS, can be treated on 
a trickling filter prior to recycling or dis- 
charging. 





2.8. 
DISTILLERIES 


Distilleries discharge hot, spent vinasses 
with high salt content (K in particular). 
These are extremely polluted (BOD; > 
50 gl” for certain undiluted vinasses). 
Suspended solids concentration can be 
very high (20 to 100 kg of SS rejected per 
hl of pure alcohol for lees, grains or marc 
extraction vinasses). Recovery of tartaric 
acid can decrease pollution levels. 

Purification must include two-stage 
biological treatment, preceded by removal 





hen 


Figure 944. The APAL distillery, Paraguay. 
capacity: 34 .d'. View of Analife reactors. 


Purification of effluents by methane fermentation. 


of suspended solids, if deemed necessary. 
The treatment process is the following: 

— homogenisation and cooling. The tem- 
perature of non-diluted vinasses can range 
from 70 to 95°C, 

— neutralisation (initial pH from 3 to 6), 
— removal of SS (vibrating or draining 
screens, centrifuges, flotation units, filter 
presses). Many of these systems require 
preliminary conditioning, 

— anaerobic digestion or, for less concen- 
trated effluents, aerobic purification on 
trickling filters with plastic media, which 
with intensive recycling, ensures a certain 
degree of cooling, 


COD 
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- activated sludge, with nitrification- 
denitrification if needed, or aerated 
lagooning. 

Final COD levels are dependent on the 
highly varied nature of effluents. 





In some cases, effluents can be concen- 
trated in evaporation. Only condensates 
are treated biologically. 

Effluents from yeast factories un- 
dergo similar treatment. 


Figure 945. The Canet cooperative wine factory, Southern France. Purification of effluents by methane fer- 
mentation. COD capacity: 4.2 t.d'. General view of factory and Anaflux reactor. 








pA) 


EDIBLE OIL MILLS AND 
SOAP FACTORIES 


2.9.1. Oil extraction 


Water from presses and centrifuges 
have a low acid content and present BODs 
levels ranging from 5 to 25 gl. Water is 
strained and stored in a buffer tank. After 
possible recovery of oil by flotation with 
dissolved neutral gas, it undergoes aerobic 
treatment by extended aeration. This step 
is carried out after intermediary methane 
fermentation, if needed. 


In the case of olive oil, acidification 
with a pH of 4 is needed for enhanced 
separation of oils. 


2.9.2. Oil refining 


The various effluents require prelimi- 

nary treatment which can be (figure 946): 
— grease removal in grease separators 
ensuring a few hours of retention, 
— dissolved air flotation of acidic saline 
effluents (10 to 50 gl" of SOx”) and oily 
effluents after flocculation. This procedure 
allows recycling of oils for the soap indus- 
try or other uses. The material must be 
adapted to the strong acid content, 
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- closing of condenser circuits on cool- 
ers. Blowdown is mixed with process 
water. 

The various wastes must then be 
mixed together in buffer tanks which also 
have a cooling role. 

The main treatment can include the 
following phases: 

— lime neutralisation, 
- settling with external recycling of 


Mucilage [J 
removal 


Mucilage 


| 
Sludge to Flotation 
soap facility pH 5-6 


Buffer tank 
cooling 


Municipal sewer or on-site biological treatment 





sludge for control of CaSO, supersat- 
uration, 
- biological purification by activated 
sludge, generally extended aeration. 
Flotation and physical-chemical treat- 
ment allow removal of a significant frac- 
tion of organic pollution: 30% to 60% of 
COD and 95% to 98% of fatty matter 
with COD levels in raw water varying 
from 3 t0 9 gl. 


Process wastewater 


Cleaning 


G@ Grease separator 


Figure 946. Flow diagram showing preliminary treatment in edible oil refining and margarine processes. 
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Pepsi) 


When systems are of the separate type, 
the following treatments are carried out: 
e Sulphurised alkaline water (“hair 
- hide removal”) 

After fine screening, grease and grit re- 
moval, sulphides are air oxidised, by cat- 
alytic means, into thiosulphates and inter- 
mediate oxidation products. 

e Tanning baths 
Following fine screening, grease and 





grit removal and homogenisation, baths 
are neutralised to pH 8.5 by sodium car- 
bonate or magnesia and caustic soda. 
Sludge is thickened and dewatered prior 
to chromium leaching at pH 1. Chromic 
acid is recycled to manufacturing (80% 
recovery of discharged chromium) after 
readjustment of the pH level. 

e Solvent rich water 

Solvents used in grease removal (white 
spirit, kerosene, monochlorobenzene) are 
separated by steam stripping or vacuum 
distillation. 

If systems are not separate, general 
effluents must undergo complete mechan- 
ical preliminary treatment, then, catalytic 
oxidation of sulphides. This process leads 





Figure 947. The Schaefer cannery at Euskirchen-Flamersheim, Germany. Biological purification of effluents 
with deep tank. Purified water = BOD; < 10 mg.f'; Cr(II) < 2 mgt". 





to an increase in the consumption of re- 
agents and production of sludge during 
general treatment. 


2.10.2. General treatment 


General treatment comprises: 
— fine screening, grease and grit removal, 
— homogenisation, 


2. The agritood industries 





— primary settling after flocculation, if 
needed, 

— biological purification by extended aer- 
ation. 

Extracted sludge can either be treated 
by methane fermentation along with flesh 
waste, or dewatered on Superpressdeg or 
on a filter press and then incinerated with 
waste products. 
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3. PAPER INDUSTRIES 








ome 
PAPER PULP 
FACTORIES 


Analysis of the characteristics of waste- 
water discharged by paper pulp factories 
(see page 98), shows that pollutant con- 
centrations are highly variable according 


Concentrated waste 
Black liquor 
condensates 


to the manufacturing process. Figure 948 
illustrates the general treatment process. 

This treatment reduces BODs by more 
than 90% and COD by 50% to 80%. 

By using a pure oxygen activated 
sludge process (figure 949), facilities can 
be smaller with less risk of pollutant nui- 
sance. 

Evaporation condensates from black 


Methane 
fermentation 
or TMP/CTMP, etc. 
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VARS (Gifrequired) 


settling 


i 
Uiveutealaaton : Cooling +: 


(if required) » 


Activated] pw 
sludge 














Figure 949. The Riocell paper mill in Porto Alegre, Brazil. Production: 720 t.d"' of Kraft pulp. Purification 
of effluents by biological treatment with pure oxygen and physical-chemical tertiary treatment (98% re- 


moval of BODs). Overall view of the treatment plant. 


3. Paper industries 


liquors can represent up to 50% of the pol- 
lution from the factory, contained in less 
than 10% of the waste volume. Methane 
fermentation is the procedure of choice for 
treatment. Removal of COD can reach 
80% for COD loads of 6 to 40 kg/m’*.d 
according to one of the following tech- 
niques: Analift, Anafiz, Anaflux, Ana- 
pulse. The presence of sulphur compounds 
may require adapted treatment. 

In the case of production of bleached 
chemical pulp, it is advisable to separate 
acidic waste, with low SS levels, and alka- 
line waste with high SS levels. Mixing takes 
place in the neutralisation tank after pre- 
liminary settling of alkaline wastewater. 

e CIMP with paper 

Waste from production of CTMP pulp 
represents a COD of several g.°, which, 
after physical-chemical treatment, allows 
methane fermentation (see figure 948). 
Effluents are then mixed with other waste 
(paper mainly) and treated by activated 
sludge. 

This procedure allows a reduction of 
BOD; by 90% to 98% and COD by 80% 
to 90%. 
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e IMP with newsprint 

In modern facilities, owing to the 
increase in internal recycling, grouped hot 
wastes are sent to a single treatment line 
(figure 950). 

e Other purification procedures 

The procedure of aerated lagooning fre- 
quently used in the past, is now less prac- 
tised because of its low purification yield, 
large space requirements and specific pol- 
lutant nuisances (silting-up of lagoons, 
aerosols, fog, odours, etc). 

When advanced purification is needed, 
and more especially for colour removal, 
additional treatment should be scheduled 
after biological purification. Treatment 
could include: 

- physical-chemical treatment: coagula- 
tion-flocculation (lime or aluminium 
sulphate, polymers at high treatment 
rates), followed by settling, flotation or 
filtration, 

— biological filtration on Biofor (without 
colour modification), 

- specific treatment: activated carbon, 
ultrafiltration of the most coloured 
effluents, colour removal with ozone, etc. 


Neutralisation | , 
detoxication 


Methane 
fermentation 
(if required) 





Figure 950. Flow diagram showing treatment of TMP with newsprint. 


Seek 
PAPER AND CARDBOARD 
MANUFACTURING 


The diversity of paper and board pro- 


duction requires careful consideration 
for each case. In-depth knowledge of all 
the parameters linked to manufacturing 
is essential: raw materials used, added 
fillers, type of paper or cardboard man- 
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ufactured, existing internal recovery 


equipment. 


3.2.1. Short circuit internal 
treatment 


The paper industry uses vast quantities 
of water and as the raw material is costly, 
maximum recovery of fibres and water 
should be an objective for lowering cost 
prices and installing smaller purification 
plants. 

Internal recovery of fibres and/or water 
is ensured by the following techniques: 

- flotation on Sédiflotazur with or with- 
out reagents, 
— filtration. 

Indeed, possible recycling rates are de- 
pendent on the quality of the paper man- 
ufactured. 


To simplify the explanation, we can 
identify two main production categories. 


3.2.2.1. Manufacturing of corrugated 
paper or cardboard using recycled, 


waste paper 


It is possible to recycle all recovered 








suspended solids and a large quantity of 


Screening 
Buffer 
Tank 


Neutralisation 
coagulation 


General 
effluents 


Recycling of sludge 

to manufacturing -- 

Partial recycling of clarified 
water to manufacturing 








water so that the waste blowdown 1s 
highly concentrated 1 in OM (COD higher 
than 2 g.”'). 

Figure 951 shows the treatment cycle 
used. 

A buffer tank is essential for regulating 
output. 

Coagulation-flocculation is carried out 
by injection of aluminium sulphate and 
polyelectrolyte. The Turbocirculator unit 
enables removal of 95% to 99% of sus- 
pended solids; the yield on COD and 
BOD; is variable according to the quan- 
tity of colloids present. In some cases, the 
Turbocirculator can be replaced by the 
Sédiflotazur flotation unit. 

Methane fermentation reduces COD 
by 60% to 90% for variable applied loads 
of 6 to 40 kg COD/m’.d according to the 
technique used. By setting up a steam 
production boiler, recovered methane en- 
ables the installation to operate without 
external energy input. 

If, after methane fermentation, puri- 
fication yield is insufficient to meet dis- 
charge standards, biological treatment by 
activated sludge is necessary. This reduces 
BOD; by about 90% and COD by about 
80%. 

e Alternative treatments 

After physical-chemical treatment, 
and according to the composition of raw 
water and required purification results, 


Methane Activated 
fermentation | sludge 
1 
TW 


Si oem ae 


Sludge SUPERPRESS 
thickening dewatering 


Figure 951. Flow diagram showing treatment of effluents from manufacturing of corrugated paper and 


cardboard. 





other biological treatment processes are 
possible: 

— activated sludge, followed or not by 
biological filtration on Biofor or Biodrof, 
— tricking filter, followed or not by bio- 
logical filtration (figure 952). 

In all cases, primary sludge is recy- 
cled to the manufacturing process so 
that only excess biological sludge has to 
be dewatered after preliminary thicken- 
ing. Dewatering is mainly carried out 
by Superpress or the GDPresse belt fil- 
ters that are able to dewater all types of 
sludge. 


3.2.2.2. Factories producing paper 
from new pulp 


Manufacturing of this type of paper 
does not usually allow recycling of SS and 


3. Paper industries 





water from the treatment plant. Recy- 
cling is frequently carried out on a 
short-circuit basis. Consequently, water 
consumption is generally greater and 
COD and BODs concentrations are 
too low for biological treatment by 
methane fermentation. Different treat- 
ment processes are possible according 
to the pollutant concentration and pu- 
rification efficiency required. 

e Physical-chemical treatment (fig- 
ure 953) 

A buffer tank is necessary. Coag- 
ulation-flocculation is performed by 
injecting aluminium sulphate and 
polymer. This injection is unnecessary 
with biological treatment. The Turbocir- 
culator may be replaced by a Sédiflotazur. 
SS removal efficiency is in the region of 


95% to 99%. 





Figure 952. The Deligser paper mill in Deligsen, Germany. Purification of effluents by trickling filter and 
Biodrof, Capacity: 105 m’.h". 
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Sludge dewatering is best carried out 
by the Superpress belt filter. Depending 
on sludge composition or space available, 
other systems can also be used: screw 
press, centrifuge, filter press. 

e Biological treatment 

Depending on BODs concentrations in 
pre-treated water and the yield required, 
several processes are possible (figure 955). 

In all cases, excess biological sludge can 


be dewatered in a mix with primary 
sludge. 

Solution (2) on the opposite page is the 
most frequently used and achieves excel- 
lent removal results: BODs, 90% to 98%; 
COD, 80% to 90%. 

Solution (4), requiring higher invest- 
ment costs, is applicable in cases where 
BODs concentration is higher than 
300 mg.I" and when very high purification 


: Buffer Neutralisation 


[ 





— = 





Figure 954. The Beghin-Say paper complex in Corbehem, Northern France. Purifica 


thickener Dewatering 


Gif required) 









Pe 


tion of effluents by 


physical-chemical and biological treatment. Capacity: 650,000 PE. 


3. Paper industries 


and lower energy consumption than solu- 
tion (2) are needed. Removal yield 
obtained is in the range of 90% to 99% 
for BODs, and 85% to 95% for COD. SS 
levels in treated effluents range from 5 to 
20 mg’. 

Solutions (1) and (3) are applicable to 
specific cases: 
(1): where the expected BOD; removal 
rate is less than 70%, 
(3): where BODs of raw water is less than 
100-150 mg.I’ and the rate expected is 


less than 60-70%. 
Trickling filter 
Activated sludge 


Water from 
TURBOCIRCULATOR 


BIOFOR 
Trickling filter 


Figure 955. Possible solutions of WW biological purification in the paper industry. 


Solution (3) may be used as polishing 
treatment of solution (2) or (4). This can 
result in treated effluent containing less 
than 5 to 10 mg. of SS and BODs. 
eComplementary treatment if 
required 

The removal of non-biodegradable 
COD and colour can be carried out by 
specific treatment (each case should be 
assessed individually), for example: 
adsorption on activated carbon, ultra- 
filtration, ozonation, chemical precipita- 
tion. 


BOD, yield 60-75 % 


BOD, yield 90-98 % 


BOD, yield 60-70 % 


Activated 
Ee sludge a 


BIOFOR 
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4. THE PETROLEUM INDUSTRY 


Al. 
PRODUCTION 


Oil field water or produced water from 
a water knockout tank (WKO), under- 
goes preliminary oil removal (cyclone or 
lamellae separator) and then polishing 
treatment depending on its final destina- 
tion (figure 956): 
e Offshore discharge 

Froth flotation (hydrocarbons < 


Lamellae 
separator 
Degasification 
(H,S-HC) 


Figure 956. Treatment of oil field water. 





(Mechanical emulsions) 


40 mg.I"'), dissolved air flotation ot coa- 
lescence (S 10 mg”). 
e Reinjection 

Degasification if required and sand fil- 
tration. 

Reinjection is preferred as it avoids 
both the presence of sulphate reducing 
bacteria and chemical incompatibility 
with water from the reservoir, which is in- 
evitable in the event of injection of sea 
water. In general, reinjection does not 
require water deoxygenation. 


Possible HC 
level 


40mg.1} 


Froth 


aa 
flotation 40mg.! 


Diss. 
air flotation 


Coalescence 


10mg.11 


10mg.) 


Filtration 


Reinjection 








4.2. 


TRANSPORT 
AND BALLAST WATER 


Ballast water is transferred in high vol- 
umes to land-based buffer tanks. It is 
then extracted at lower rates, transported 


to the treatment line and discharged off- 
shore. 

Because storage lasts a few days, water 
settling takes place effectively and the 
treatment procedure simply includes: 

— asafety preliminary oil separator designed 
to clip HC peaks (tank interface), 

— dissolved air flotation with Kemazur- 
type organic coagulant. 





Additional treatment for removal of 
BODSs or traces of phenol is rarely needed; 
filtration, on the other hand may have to 
be included. 

In the event of alkaline cleaning of 
tankers, emulsified pollution levels are 





4.3, 
REFINING 


Discharge methods vary according to 
the type and size of refineries. Figure 957 
illustrates a common procedure of effluent 
separation in which water presenting a 
low saline content is recycled as make-up 
to the cooling process. 

Oily rain water with a very variable 
and voluminous flow is stored in storm 
tanks and then undergoes oil removal by 
filtration or flotation. Depending on its 
soluble BODs level and phenol concen- 
tration, water can be biologically puri- 


fied. 


Storm tank 


Oily rain water 


Process water 


Ballast water 





4. The petroleum industry 


Prelim. 
oil remov. 





extremely high. Correction of pH is 
important and it may be necessary to 
use a mineral coagulant or ensure FeS 
precipitation. The process, therefore, 
includes two reactors instead of just 
one. 


Tertiary treatment has to be carried out 
to remove SS and residual phenols. Biofil- 
ters such as Biofor, Biodrof or Oxyazur, 
can be used. 

Process water from desalination or 
from the fluid catalytic cracking unit, has 
a higher saline and emulsion content and 
may contain S* pollution. This justifies 
preliminary catalytic oxidation before oil 
removal by flocculation-flotation and bio- 
logical purification (figure 958). 

Two procedures are frequently used: 

e physical-chemical purification: 
combination of rapid filtration of oily rain 
water and dissolved air flotation which 
then treats two lower flow effluents (fig- 
ure, 59): 
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Figure 957. Main effluent treatment procedure used in the oil refining industry. 
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Iron salt Polymer 1 Polymer 2 


Oxidation Coagulation Flocculation 





Figure 958. The Degrémont process of preliminary oxidation of sulphides from refining effluents. 
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Figure 959. Flow diagram showing effluent treatment with sidestream flotation treating wash water from 
filters and desalination process water (Finaneste refinery, Antwerp, Belgium). Filtration capacity: 


1000 m’.h". 

— effluents from filter washing, water (saline but low in BODs) and par- 
— emulsified water from desalination and cat teeycling, atter two, stazes of biological 
other processes. purification of process water and oily rain 


water (low saline content), to cooling 
e recycling: separate discharge of ballast tower (figure 961). 





4. The petroleum industry 





eri 


Figure 960. The Scanraff refinery, Sweden. Treatment of ballast water by flotation. Capacity: 150 m’.h''. 
Treatment of process water by flotation and biological purification. Capacity: 250 m’.h"'. General view. 
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Figure 961. Flow diagram showing refinery effluent treatment with recycling of treated water. Mobil Oil, 
Notre-Dame de Gravenchon, Northern France. Capacity: 400 m’.h"'. 
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Figure 962. The Parand refinery in Araucaria, Brazil, for the Petrobras petroleum company. Effluent puti- 


fication: biological and flotation treatment. Capacity: 900 m’.h 


treatment process. 


4.4, 
SPENT CAUSTIC SODA 


These very low-volume effluents con- 
tain high sulphide loads and sometimes 
phenols. Desulphurisation and if required, 
phenol removal have to be carried out. 


Desulphurisation is ensured by: 

— acidification to a pH level of 3-4 and 
displacement of H2S released by a neutral 
gas. This is the most efficient method, 

— oxidation in atmospheric air and in the 
presence of a metallic catalyst. Oxidation 
is completed at the $203” stage; 

— oxidation by oxygen or air at high pres- 


. View of the activated sludge biological 


sure (15/20 bar) under hot conditions. 
Oxidation may be completed at the SO.” 
stage and also concern a fraction of the or- 
ganic pollution. 


Oxidation to intermediate stages can 
lead to unwanted colloidal sulphur precip- 
itation during final neutralisation, or cor- 
rosion in high-pressure oxidiser reactors. 


Phenol removal is carried out by 
extraction by non-regenerated solvent 
(LCO: light crude oil) if phenol concen- 
tration is high (figure 963), or more sim- 
ply by biological purification after dilu- 
tion in general wastewater if the plant is 
adequately equipped. 


4. The petroleum industry 
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Figure 963. Flow diagram showing treatment of spent caustic soda by stripping and LCO extraction at the 
Lindsey refinery, U.K. Capacity: 1 m’ Be 1417 
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5. COAL INDUSTRIES 





AND THERMAL POWER STATIONS 


Dal 
COAL WASHING PLANT 


Before arriving in the coal washing 
workshop, the slimy water, or pulp, pres- 


ents concentrations from 50 to 70 g.I' 
in SS with a particle size of less than 
0.5mm. Water undergoes two-stage 
settling which results in polymer savings 


(figure 964). 


Recycling 


1 
1 
1 
1 
u 


Sludge 
dewatering 


Figure 964. Flow diagram showing slimy water treatment in coal washing plants. 








Dice 
GASIFICATION 


There are two categories of gasification 
effluents, those of the first generation 
(ammonia, tarry and phenolated), and 
those of the second generation that are 
mainly ammonuiacal. 

The first group can be treated with the 


Polymer 


same methods as ammonia liquors from 
coke plants (see page 1436). 

The second group of effluents is settled 
and stripped. After catalytic oxidation of 
residual sulphides, effluents undergo 
extensive destruction of residual fixed 
ammonium (bound to chlorides) by bio- 
logical nitrification and denitrification 
which simultaneously remove copresent 


CN” and SCN’. 


5. Coal industries and thermal power stations 


: 
THERMAL POWER 
STATIONS 


The main treatment procedures con- 
cern oily water, effluents from flue gas 
desulphurisation and washing effluents. 


5.3.1. Oily water from fuelled 
power stations 


Purification operations are intermittent 
and linked to the rhythm of atmospheric 
precipitation and handling events. The 
process, designed chiefly for the removal 
of insoluble HC, comprises a circular or 
lamellae oil separator and, after coag- 
ulation, dissolved air flotation or settling. 


5.3.2. Effluents from flue gas 
desulphurisation 


These are acidic brines resulting from 
blowdown of flue gas scrubbing circuits 
for removal of either SO2 alone, or SO 
and NOx (nitrogen oxidation products). 

In the first case (figure 965), the 
Degrémont purification process com- 
prises: 

- lst step: sulphate removal/neutral- 
isation by lime, 

— 2nd step: refining and precipitation of 
residual metals (Sédipac) within another 
pH zone. 

In the second case, ammonium is also 
present in effluents. Treatment includes 
final steam stripping after alkalinisa- 
tion. 





Figure 965. The Oka Riedersbach fuelled power station, Germany. Treatment of desulphurisation waste. 
Capacity: 15 m’.h". 
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In some cases, formic acid can be 
removed biologically. 


5.3.3. Cleaning effluents 
from air heaters 


and boiler tube bundles 


Treatment includes cycloning of heavy 
products, followed by preliminary neutral- 
isation, air oxidation of ferrous iron and 
settling. Treatment can be completed by 
caustic soda alkalinisation (pH 11.5) with 
steam stripping of displaced ammonium. 

In the case of hydrofluoric washing of 


Flocculator 


Slag transport water 





tube bundles, any remaining fluorides 
must be precipitated after oxidation. 
Neutralisation is always carried out with 
lime. 


5.3.4. Effluents from 
ash transportation 


Following fast grit removal, slag trans- 
port water, the highest in volume, is neu- 
tralised and flocculated before rapid set- 
tling (figure 966). 

Water from electrofilter washing has a 
high concentration of fly ash. It is floccu- 
lated and sent directly to the thickener. 


Flocculator 


1 
I 
I 
1 
1 


Thickener 





Figure 966. Flow diagram showing ash transport water treatment. 





5. Coal industries and thermal power stations 


a 





i] 





Figure 967. The KW Schwandorf power plant, Germany. Settling of ash transport water. Capacity: 
130 mh". 
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5.4. 


HOUSEHOLD REFUSE 
INCINERATION PLANT 


As a general rule, blowdown from the 
gas scrubbing system must be neutralised 
and heavy metals precipitated to residual 
values that may need sulphur additives 


DEAERATED WATER Hess 
Lime 


ie 0.5 





for precipitation at the final stage of treat- 
ment (see page 151). 

In cases of exceptionally high concen- 
trations of sulphur oxidation products 
(SO3, S203), sulphate removal should be 
performed, especially if neutralisation is 
carried out with lime. Treatment, there- 
fore, is the same as that for desul- 
phurisation of flue gas from thermal 
power stations. 


Polymer 





s | os 
initial $8 joss 8.5 
g | (ifrequired)) 


Figure 968. Flow diagram showing the treatment procedure for household refuse incineration effluents. 
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6. Synthetic chemistry and the pharmaceutical industry 


6. SYNTHETIC CHEMISTRY 
AND THE PHARMACEUTICAL INDUSTRY 


The main characteristic of the effluents 
from these industries as compared with 
the others, is both the diversity of pollu- 
tants and the variety in load and type of 
pollution of discharged wastewater. In 
most cases, companies carry out manu- 
facturing in campaigns for one or several 
products with cycles randomly spanning 
the year. Furthermore, it is difficult for 
companies to foresee future industrial de- 
velopments and their manufacturing 
needs over a 5 to 10-year period. 


These considerations guide the design 
of a wastewater purification plant which 
must: 

— accommodate variations in pollutant 
flow and load, 

- offer “all-purpose” facilities for de- 
struction of the different types of pollu- 
tants, 

- be as flexible as possible so as to incor- 
porate modifications or additions to 
changing industrial processes or factory 
products. 





6.1. 
SPECIAL PRECAUTIONS 


6.1.1. Neutralisation and 
bufter tanks 


The volume of the buffer tank must be 
as large as possible (normally 36 h) and 
no less than 24 h of production. Its place 
in the treatment cycle, that is before or af- 
ter neutralisation, depends on pH var- 
iations of effluents. The aim is to gain 
maximum benefit from the self-neutral- 
isation effect. 

It must be remembered that neutralis- 
ing reagent dosages such as lime, can be 
very high and provoke considerable pre- 


cipitation, including certain types of scal- 
ing. 

6.1.2. Biological purification - 
Odouts 


This type of wastewater often has a 
strong smell owing to volatile compos- 
ites such as solvents that escape nat- 
urally. 

The aeration tank is the main source 
of odour. It is, therefore, preferable to 
use deep tanks with aeration by pres- 
surised air injected by Dipair-type dif- 
fusers. This reduces the quantity of 
injected air and, in the event of the 
tank being covered, both the quantity 
of stagnant air to be collected and the 
size of the odour removal unit. 
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6.1.3. Clarification 


The frequently high rate of salinity and 
the presence of certain organic compounds 
(surface-active agents, etc.), often lead to 
partial deflocculation and settling prob- 
lems. Clarifiers have to be sufficiently 
sized. 

Adhering to discharge standards (SS) 
can mean that tertiary treatment is advis- 
able (see page 1383). 


6.1.4. Residual COD 


A significant proportion of pollution is 





not biodegradable which leads to consid- 
erable residual COD stock in the treated 
water (COD/BODs; > 10 after biological 
purification). This may justify tertiary 
treatment. 


6.1.5. Protection against corrosion 


Because of the high saline content and 
corrosive nature of effluents, care has to 
be taken in the choice of materials: special 
stainless steels, plastic materials, properly 
chosen and applied coatings, special con- 
cretes. 





Os 


EXAMPLES 
OF INSTALLATIONS 


Owing to the diversity of industries, it 
is difficult to describe a global treatment 


Water 

Sludge 

Air 
Ca(OH y NaOH 


Settling tank 


I ee el = 
Prelim. 
neutralisation 


method. A few examples of installations 
are presented over the next few pages. 


6.2.1. The Société Chimique Roche 
in Village-Neuf, Eastern France 


This factory mainly produces vitamins, 


S-crubber 
deodoriser 
H=8m 
C= 2 


i 
1 Filter press 
(128 m?) 





Figure 969. The Société Chimique Roche in Village-Neuf, Eastern France. Flow diagram showing general 


treatment methods. 
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Figure 970. The Société Chimique Roche's puri- 
fication plant, Village-Neuf, Eastern France. 


different elements for animal feed and 
especially carotin. 


The daily volume of effluents is 
720 m’. 


Figure 969 illustrates the treatment 
procedure. Results are given in the follow- 
ing table: 


Treated 
water 


Raw 
water 








The annual production of sludge is 
850 t of SS per year. 





6.2.2. The Rexim company in 
Ham, Northern France 


This factory mainly manufactures 
amino acids. 


Daily output of effluents is 3,600 m’. 


Figure 971 illustrates the treatment 
procedure. Results are shown in the table 
below: 


CoD 
BODs 


Organic N 
N-NH,’ 
N-NO; 
Total N 





6.2.3. The Shell Chimie company 


in Berre, Southern France 


The products manufactured at this 
petrochemical complex, and linked to a 
steam cracking unit, are extremely varied 
and include polymers, polystyrene, pol- 
ypropylene, alcohols, solvents, paraffin 
oils, etc. 


The daily output of effluents is 
14,000 m’. 


Figure 973 illustrates the treatment 
procedure based on the following charac- 
teristics; 


e Input load: 
- COD 23 td 
= BOD; slo ed. 


e Characteristics of treated water 
- SS 15 to 30 mg" 
- CODan 100 to 130 mgt 
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Figure 971. The Rexim company in Ham, Northern France. Flow diagram showing che treatment of effluents. 
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Figure 973. The Shell Chimie company in Berre, Southern France. Flow diagram showing treatment of 


effluents. 
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Figure 974. The Shell Chimie company in Berre, France. General view of the treatment plant. 


7. The textile industry 


7. THE TEXTILE INDUSTRY 


According to the imposed purification 
rates, physical-chemical or biological 
treatment or even a combination of the 


Screening Oil removal 
Straining Gif required) 


TW Final colour removal 
discharge Gf required) 


Water 
Sludge on asa = 


Biological | 
purification | 





two may be used. The treatment proce- 
dure (figure 975) includes the stages 
described below: 


Neutralisation 


:.s—Physical-chemicals, ., : 
s purification =s 


Seneeeeeapecssenene 


Thickening 
Sludge 
dewatering 


Figure 975. Flow diagram showing the treatment of effluents in the textile industry. 





esl. 


PRELIMINARY 
TREATMENT 


e Screening — straining 

The presence of fluff and cotton flock 
means that fine straining has to be carried 
out after routine screening. Oil removal, 
in the event of large quantities of white 
spirit, may also be necessary. 


e Homogenisation 
It is vital to provide for a buffer capac- 


ity offering a volume corresponding to 
6-12 hours storage time for the average 
flow treated. This makes it possible to 
spread over 24 hours the treatment of 
waste that is usually produced over 16 
hours (two shifts). Air stirring of the 
buffer tank can also be useful. 


e Neutralisation 

After homogenisation, the pH of 
effluents generally remains alkaline, be- 
tween 9 and 10. Neutralisation is there- 
fore necessary. It is carried out either by 
sulphuric acid or available flue gas. 
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fey, 
TREATMENT 


7.2.1. Physical-chemical treatment 


This treatment is only useful if the raw 
effluent contains a large quantity of SS, 
toxic substances (sulphides, chromates, 
etc.), or if it requires a high degree of col- 
our removal. Treatment may include one 
or several of the following stages: 

- catalytic oxidation of sulphides in an 
aerated tank, with controlled addition of 
iron or manganese salts, 

- flocculation in a slowly mixed reactor 
with dosage of iron or aluminium salts 
followed by addition of an organic 
polymer to enhance settling yield, 

- clarification by settling (Turbocircula- 
tor) or flotation (Flotazur). 


Depending on the pollutant load and 
purification level required, several treat- 
ment processes are available: 


e Trickling filter, followed by set- 
tling if needed 

This is the simplest technique and 
allows a BODs removal rate of between 
50% and 70%. It does, however, require 
raw water to be completely free of any 





fibrous content to avoid clogging of filter 
packing. Owing to this constraint, it is 
advisable to precede the trickling filter 
process with physical-chemical treatment 
with flocculation-settling. Once the trick- 
ling filter stage has been completed, a 
final clarifier may be used, depending on 
the end result needed. 


e Activated sludge 

Due to the type of pollution, it is 
advisable to size the facility with a low 
F/M ratio. The settling tank must be suf- 
ficiently large to account for poor activat- 
ed sludge settleability owing to the high 
content of surface-active agents in waste- 
water to be treated. 

BODs removal rates reach 90% to 
95%. 


7.2.3. Tertiary treatment 


Tertiary treatment is useful for the re- 
moval of non-biodegradable COD and 
more especially for colour removal. It 
includes: chemical precipitation, ozona- 
tion, adsorption on activated carbon, etc. 

It is also preferable to carry out a treat- 
ability test to choose and size the most 
suitable procedure. 


e Sludge 

Produced sludge is thickened and then 
dewatered either by a belt filter (Super- 
press or GDPresse), or filter press. 


7. The textile industry 
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Figure 976. The Steinheil-Dieterlin facility in Rothau, Eastern France. Purification of bleaching, printing 
and finishing effluents. Capacity: 150 m’.h™'. General view of the treatment plant. 
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8. THE IRON AND STEEL INDUSTRY 


Two main categories of water have to 
be treated: 
— water of large open recirculating facil- 
ities for gas scrubbing or spraying of roll- 
ing mills and treatment of blowdowns 


One 
OPEN RECIRCULATING 
SYSTEMS 


8.1.1. Coke plants 


Open recirculating systems comprise: 
- closed systems of ammonia liquor, 
equipped with tar settling tanks, 
— dust extraction system at coke quench- 
ing, equipped with coking fine settling 
tanks (Degrémont system), featuring a 


prior to discharge; this water is not very 
polluted, 

— the treatment of specific effluents from 
the coke plant and cold rolling mills; this 
water is highly polluted. 


sloping bottom and chain or scraper 
bridge and grab (figure 977), 

— dust extraction system at charging or 
gas scrubbing of coal preheating. Note the 
covered circular settling tanks in figure 


978. 


8.1.2. Blast furnace gas scrubbing 


Possible treatments are defined in fig- 
ure 979. The techniques available include 
flocculation and separation in clarifier- 
thickeners with, if needed: 





Figure 977. Sollac at Fos-sur-Mer, Southern France. 


2,000 mb". 


Settling of coke quenching water. Capacity: 





8. The iron and steel industry 








Pope 978. BSC Orgreave, U.K. Settling of coal Soe: Pes oe I 50 mh", 


— correction of calcium bicarbonate hard- 
ness by adding lime and proceeding with 
sludge recycling or better, by adding 
NaOH or NaHCOs, 

- preliminary flotation for removal of 
carbon black. 

Deconcentration blowdowns (including 
filtrate from sludge dewatering) can be 
treated by neutralisation, to remove heavy 
metals and cyanide (persulphuric acid). 


8.1.3. Scrubbing of oxygen 
converter gas 


Possible treatments are defined in fig- 
ure 980: 
— preliminary settling with sludge lifting 
by screws, 
— water settling in a clarifier-thickener af- 
ter appropriate flocculation, 
— alkaline correction, either spontaneous 
(desulphurisation of steel with Na2COs), 
or by adding Na2COs at the head of the 
clarifier, with recycling (Degrémont pro- 


cedure), so as to block unwanted solu- 
bilisation of lime, 

— neutralisation of blowdown prior to 
discharge and fluoride removal (CaCly), if 
needed. 


8.1.4. Continuous casting and hot- 


rolling mills 


Efficient oil removal in the initial scale 
pit and high-quality clarification are 
essential. 

- Cylindrical scale pits with tangential 
supply are best suited to rational recovery 
of irregular oil influx, by discharge, and 
scale pits by grab. 

— Clarification is most frequently ensured 
by sand filtration (FP filter and FH filter) 
or sometimes by fast flocculation and set- 
tling (Turbocirculator clarifiers or thick- 
eners). 

Filter washing effluents can be treated 
by recycling and sent to a main settling 
tank, if there is one, by batch settling or 
by flotation (Sédiflotazur) if sludge has a 
high oil content. 
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Figure 979. Treatment of blast furnace gas scrubbing systems. 
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Figure 980. Treatment of gas scrubbing effluents from the oxygen converter. 
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Paes al se 


Figure 981. The COSIPA iron and steel works (Brazil). Settling of converter scrubbing water. 
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Figure 982. Flow diagram showing the continuous casting water spraying process. 
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Blowdown of systems, carried out 
after filtration or settling, rarely 


Figure 983. Sollac in Gandrange, Eastern France. 


800 m?.h", 








requires additional treatment prior to dis- 
charge. 





k 
® 
i 
2 
: 


Filtration of continuous casting water. Capacity: 





apie 
SPECIFIC 
EFFLUENTS 


8.2.1. Coke plant ammonia 
liquor 


The treatment most generally used 
includes (figure 984): 
- intensive tar removal by settling 
and filtration (Kemazur organic coag- 
ulant), 
— steam stripping of volatile ammonium 
followed by caustic soda displacement of 
the fixed ammonium (Degrémont strip- 
per with packing or trays), 





- stabilisation of stripped effluents, 
— purification by activated sludge in phe- 
nol removal and oxidation of thiocya- 
nides, 
- if required, physical-chemical tertiary 
purification for reduction of residual col- 
loidal COD. 

Stripping can also ensure deconcentra- 
tion of free NH, in the gas scrubbing 
effluent closed system. 


Treatment frequently includes neutral- 
isation (in two stages if initial acidity is 
high) and Fe’* air oxidation. 


8. The iron and steel industry 
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Figure 984. Flow diagram showing treatment of coke plant ammonia liquor. 
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Figure 985. Flow diagram showing the treatment of pickling effluents. 


Precipitated sludges of ferrous and fer- 8.2.3. Effluents from cold rolling 
ric hydroxides are prone to densification ptocesses 
as shown in figure 985. 

This technique uses the Densadeg or e Electrolytic grease removal 
Turbocirculator clarifier. After preliminary settling, effluents are 
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neutralised, flocculated (Kemazur or 
FeCl;) and floated. 
e Blowdown of lubrication circuit 
from mills with a high reduction 
rate (animal or vegetable fat). 

This blowdown undergoes similar 
treatment as for cold rolling. Flocculation 
is optimal in a slightly acid environment. 





e Blowdown of soluble oil circuit 
from mills with low reduction 
rates 

See figures 999 to 1001 (pages 1450- 
1451). 


e Chromic passivation circuits 
See pages 1450-1451. 


9. Metallurgy and hydrometallurgy 


9. METALLURGY AND HYDROMETALLURGY 





oak 
ALUMINIUM 
9.1.1. Alumina production 


Alumina is produced from bauxite 
by heating in a sodium hydroxide solu- 
tion (the Bayer process). This yields a 
sodium aluminate solution containing 
impurities of the ore in suspension (red 
mud). The solution is allowed to settle 
in scraper thickeners and settled sludge 























Clear water 


Pregnant rea a ae oar a 71 
SSeS Dimitra Thickener n mixer-washing units : 
liquor =e [oie See ene S a 
\ Red 
mud 
Sterile 
red mud 


Liquor 


filtration 


To decomposition 





is washed with clear countercurrent water 
through several clarifier-washer units (fig- 


ure 986). 


Dewatering of sterile mud is carried 
out by vacuum belt filters. Construction 
techniques of thickeners equipped with a 
central driving device are adaptable to 
various clarifier-washing units. Potential 
formation of concretion must be taken 
into account (peripheral sludge extrac- 
tion). 





w-=-------4 








Figure 986. Alumina production. Simplified red mud treatment circutt. 


water from 


9.1.2. Fluoride-laden 


alumina electrolysis 


In the less frequent case where 
gas purification is not carried out 
by alumina filtration (dry process) 
at the output of encased cells, but 
by general scrubbing of polluted air 
taken from under the roof, a sec- 
ondary circuit diverts about 10% of 
the water from the general circuit, 
and includes precipitation treatment 
of fluorides by lime in a Circulator 
clarifier (see page 152). 


9.1.3, Effluents from baked anode 


manufacturing 

Dual treatment consisting of fluoride 
and tar removal is by far the most cost- 
conscious solution. This process does not, 
however, optimise removal of the two 
pollutants as would flotation with a nat- 
ural pH level, and Kemazur coagulant 
followed by lime process fluoride removal 
alone. 


9.1.4, Effluents from the washing of 


cathode carbon lining 
These effluents are alkaline. They have 
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to undergo cyanide removal by chlorine, 
followed by neutralisation and CaCl; 
addition to ensure fluoride removal. 


9.1.5, Aluminium casting and hot 
rolling 


Systems include oil, grease and various 
debris including wood, fibres, plastics and 
dust. As the system is supplied with low- 


Sa 


KEMAZUR 
Coagulant 


FLOTAZUR 








mineralised or softened water, the water 
must be maintained at the lowest caustic 
pH level possible and undergo an oil re- 
moval process (Flotazur) which perma- 
nently deconcentrates oils (figure 987). 

In the hot rolling process, system water 
generally comprises true emulsion. Blow- 
down must undergo biological purifica- 
tion by breaking processes (see page 
1450). 


Neutralizing 
reagent 


Blowdown 
treatment Discharge 


Sidestream 


system 


Figure 987. Flow diagram showing an aluminium casting system. 





Oe. 
ZINC AND LEAD 


9.2.1. Roasted blende 
effluents (GSE) 


Following selenium and mercury recov- 
ery by filtration, this special water (H) re- 
moval) is lime neutralised in two stages 
and settled with sludge recycling so as to 
ensure precipitation of sulphates and fluo- 
rides (see page 1419). 

A second settling stage with a higher 
pH level allows removal of Pb and Zn 


and recovery of sludge containing these 
metals. 


General effluents 


In factories where an important part of 
the procedure is ensured by acid leaching 
and where certain effluents undergo pre- 
liminary treatment in workshops, the 
final effluents are diluted and represent a 
high flow. They are treated by neutral- 
isation and settling in a single stage. The 
utilisation of compact units such as Den- 
sadeg RL results in high removal rates of 
heavy metals (figure 988). 
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Figure 989. Métaleurop in Noyelles-Godault, Northern France. Purification of effluents by removal of Pb, 
Zn and Cd. Capacity: 2,000 m’.h'. General view of the plant. 


Des applied under different sets of circum- 
HYDROMETALLURGY stances: 
(Ur, Au, Cu etc.) a) Procedures 


Water treatment techniques can be - during ore extraction and preparation, 
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— upon actual metal extraction (alkaline 
or acid attack, extraction, etc.), 

- by ion exchange or liquid/liquid 
extraction. 


b) On effluents from preceding 
units 


Figure 990 gives a diagrammatic 
approach to hydrometallurgic systems. It 


Effluent treatment 


Drainage water 
or sterile pulp. 

Neutralisation 
precipitation 


Process 


Ore 
preparation 


shows the points at which these techniques 
can be used and where improvements to a 
stage in the process can be made. 


9.3.1. Procedure 
9.3.1.1. Clarification of uranium-con- 


taining slurry after belt filtration 
It can be carried out as shown in figure 


DDL, 
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Figure 990. Flow diagram showing improvements in hydrometallurgic systems and treatment of effluents. 


9. Metallurgy and hydrometallurgy 


9.3.1.2. Extraction by ion exchange 


Extraction is generally ensured in the 
conventional manner on clarified slurries 
through a set of exchangers used to 
exhaustion and in cyclical permutation of 
exchanger units. 

On non-settleable pulps, most fre- 
quently occurring with alkaline uranium 
ores, both extraction and regeneration 
must be carried out, either countercur- 


KEMAZUR 


Filtrate | 


Clarifier 
thickener 


| Mixer b> — 


rent-wise on a series of reactors containing 
pulped resin, or in a Dégremont multi- 
stage upflow fluidised bed configuration. 
In the latter case, resin regeneration can 
be continuously achieved according to the 
continuous ion exchange (CIE) technique. 


9.3.1.3. Recovery of solvent after acid 
extraction and recycling 


Following solvent extraction, spent liq- 


MEDIAZUR 
filters 





Figure 991. Flow diagram showing clarification of alkaline uranium-containing slurry. 
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Figure 992. Flow diagram showing uranium extraction on a Degrémont pilot multi-stage fluidised bed, 


COGEMA in Bessines, Western France. 
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uor may contain from 100 to 150 mg." 
of solvent (kerosene). The process illus- 
trated in figure 993 enables either recov- 
ery of the solvent or recycling of sulphuric 
acid before leaching. This treatment also 
reduces COD from the final effluent. 


9.3.1.4. Removal of organic matter 


Organic matter poses certain prob- 
lems either because of its irreversible 
adsorption on activated carbon (extrac- 
tion of the cyanide/gold complex), or 
because of the reduction in efficiency of 
final electrolysis (Cu, Zn). When organ- 
ic matter is produced, not from 
make-up water, but from the ore itself, 
selective removal is possible during the 
process (specific coagulants, ozone). 
This can only be confirmed by studies 
underway in pilot plants. 


9.3.2. Effluents 


Drainage water from mines, acidic 
(biological oxidation of sulphur), must, 
before discharge, be freed of all ferrugi- 
nous matter and neutralised in highly 
compact underground facilities (Densadeg 


Recovered solvent 


COLEXER 


liquor 
pH 1to 1.5 





FV or MEDIAZUR 





ot Turbocirculator). The process is similar 
to that of acidic effluents from pickling 
(page 1437). 

Sterile acidic effluents from fines 
washing and the more acidic regener- 
ation eluates from ion exchangers are 
neutralised with lime and calcium car- 
bonate. They are then oxidized by aer- 
ation and settled, as previously, but with 
two-stage neutralisation because of their 
high rate of acidity. 

Slightly radioactive effluents of dif- 
fering origins (drainage water from mines, 
wash waters) are purified by precipitation 
of radium with barium and coagulant 
addition. The treatment can be carried 
out with Densadeg RP or RL, preceded by 
a premix reactor adapted to the different 
reagents used. 


9.3.3. Sludge dewatering 


The drop in land disposal possibilities 
and the transport of sludge over more or 
less long distances give rise to frequent 
dewatering operations. The most econom- 
ical method of dewatering is filtration on 
belt filter which can be carried out by the 
Superpress HD. 


Recycling to leaching 
filters 


Deconcentration 


blowdown 


Figure 993. Removal of residual solvents by coalescence. 


10. Surface treatment 


10. SURFACE TREATMENT 


All treatment processes must by pre- 
ceded by in-depth investigation of work- 
shops in order to optimise rinse water 
output and plan for recovery of raw mate- 
rials wherever feasible (see page 113). 


tae 
RECYCLING 


This process allows recycling of rinse 
water after purification on ion exchangers. 
Water sent through the detoxication proc- 
ess is not included as it contains cyanides 
and/or high quantities of grease or hydro- 
carbons. 

Figure 994 illustrates the main possi- 
bilities with the closed system. 

Ion exchangers can be installed at a 
fixed position with on-site regener- 
ation. This technique is valid for large 
plants. Installations may be “mobile” 
and sent to an approved centre for 
regeneration. This solution is better 
suited to smaller facilities (maximum 
resin volume of 200 1) and requires 
permanent access to a set of regener- 
ated exchangers. 


Treatment procedures are built 
around two main channels: recycling 
and the once-through system (detoxi- 
cation). These two procedures mote or 
less overlap. 


Whatever the technique adopted, recy- 
cling has a dual recovery role - re-use of 
water and pollution concentration. Recy- 
cling must be systematically completed by 
a detoxication treatment. 

The advantages of recycling on ion ex- 
changers are: 

— considerable reduction in water con- 
sumption, 

— production of totally pure water at a 
low cost, with improvement in rinsing 
quality, 

— concentration of pollution (subsequent 
treatment at a lower rate), 

— recovery of certain costly products 
(gold, silver, chromates), 

- stabilisation of chromium baths. 

Recovery of precious metals or highly 
toxic metals can also be carried out by 
continuous electrolysis in a spill bath. 
This technique is especially suitable for 
gold, silver, cadmium and copper. 





One 
DETOXICATION 


Detoxication is also known as once- 
through system treatment. 
It is impossible to detail all available 


treatment configurations here. However, 
they all involve a number of elementary 
functions (figure 996) using oxidation, 
reduction and neutralisation reactions, 
followed by precipitation of the various 
toxic substances and metallic hydroxides 
(see pages 258 and 260). 
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RECYCLING OF SEPARATE EFFLUENTS ON ION EXCHANGERS 


40 
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1, Raw make-up water. 16. pH and tH control. 

2. Raw effluents to be treated through exchangers. | 17. Discharge of spent chromate and acid baths. 
3. Bufter tank. 18. Discharge of spent cyanide and alkaline baths. 
4, Pumping unit. 19. Reducing agent injection. 

5. Fileration unit. 20. Acid injection. 

6. Strong acid cation exchanger. 21. Oxidising agent injection. 

7. Intermediate base anion exchanger. 22. Alkaline reagent injection. 

8. Strong base anion exchanger. 23. Automatic batch chromate removal. 

9. Acid regenerant. 24. Automatic batch cyanide removal. 

10-11, Alkaline regenerant. 25-26. Transfer of detoxicated concentrated and 
12. Distribution of recycled demineralised water. semi-concentrated effluents. 

13. Regeneration eluates, C + WBR (toxic). 27. Non-tecycled alkaline and acidic effluents. 

14. Regeneration eluates, SBR (toxic). 28. Automatic neutralisation unit. 

15. Electric homogenisation mixers. 29. To flocculation and clarification. 


Figure 994. Closed system treatment. 


10. Surface treatment 








Figure 995. Aérospatiale in Marignane, Southern France. Recycling of electrolytic baths. Two ion exchanger 
trains with resin polishing for retention of surface-active agents. Capacity: 2 x 60 m’.h". 
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Figure 996. Flow diagram showing a conventional detoxication installation with continuous, automatic op- 
eration (once-through system). 
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The use of Turbactors, fast, pressurised 
mixer reactors in closed vessels, allows re- 
action time savings in relation to conven- 
tional systems. They also enable compact 
installations (figure 997). 

According to flow rate and available 


Cyanide 


effluents 


Concentrated 
cyanide 
effluents 
Concentrated 
alkaline 


effluents 


Chromate 
effluents > 


chromate 
effluents 


Concentrat 
acidic 
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ean - eee 
Alk. eff. 


space, the separation of different precip- 
itated hydroxides may be carried out in 
static settling tanks or lamellae clarifiers 
(Sédipac). 

Dewatering of drawn off sludge is fre- 
quently performed by filter press. 


To settling 
and discharge 
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Figure 997. Flow diagram showing a continuous and automatic Turbactor detoxication installation (once- 


through system). 


10. Surface treatment 
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Figure 998. The ACR company in Roanne, Central France. Purification of effluents from pickling, oil re- 


moval, phosphation and surface preparation. Capacity: 30 m’.h", ) 
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11. THE AUTOMOBILE 





AND MECHANICS INDUSTRIES 


Uplate 


MAINTENANCE OF 
AQUEOUS CUTTING 
FLUID SYSTEMS 


Maintenance is ensured for most tool 
machining operations by: 
— grit removal and filtration on contin- 
uously unrolling paper under pressure or 


Nl bya 


DESTRUCTION 
OF CUTTING FLUIDS 


11.2.1. Emulsions 


Procedures depend on the concenttra- 


Breaking Oil removal 


Reagents 


Emulsions 
> 


Heat NANAINA 


Oily water (washwater) 





more frequently under vacuum condi- 
tions. 
Truing, requiring very high-quality 
water, is carried out by: 
— filtration on candles with a precoat of 
diamotaceous earth, 
— flocculation and dissolved air flotation. 
In all these operations, oil released at 
the surface of the storage tanks and mixed 
with oxides is removed by magnetic 
drums. 


tion and nature of fluids. For emulsions, 
several techniques are feasible: 


- Hot breaking (65-80°C) in acid 
medium at pH 1-2, with a release agent 
(Al, Fe), followed by oil separation by 
natural settling or centrifuging, and pol- 
ishing by dissolved air flotation (figure 


999). 


Neutralisation 
and Flocculation 


Flotation 


Figure 999. Emulsion treatment by chemical breaking. 


ll. The automobile and mechanics industries 


- Cold flocculation at pH 7-8 with 
CaCh, Al* and Na2CO; with Al(OH); 
and CaCO; precipitation, settling and 
polishing by dissolved air flotation. 

- Cold flocculation at pH 5-6 with a 
Kemazur-type organic coagulant, set- 
tling and polishing by dissolved air flota- 
tion. This process does not generate sludge 
and is suitable with low-concentrate 
emulsions (figure 1000). 


- Ultrafiltration is a process avoiding the 
use of reagents. It restitutes a concentrate 
containing 30 to 50% of oil and operates in 
batch or continuously (figure 1001). 


TURBACTOR 


Emulsions | 


KEMAZUR 


Contact tank 


Oily water 


— Evaporation enabling control of salt dis- 
charge and re-use by recycling of condensates. 


bon content fluids 

The procedures described above also 
apply to these substances. Physical-chem- 
ical treatment allowing COD reduction of 
60% to 75% in the case of emulsions, only 
guarantees a rate of 30% to 50% on semi- 
synthetic fluids. These treatments can be 
followed by additional procedures such as 
reverse osmosis and biological treatment af- 
ter strong dilution if toxicity is low. 


TURBACTOR FLOTAZUR 
Oils 


Flocculant 


Treatment tank 


Force feed pump 





Filtrate 


Figure 1001. Batch emulsion treatment by ultrafiltration techniques. 
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11.2.3. Synthetic fluids 


U3 
PAINT BOOTHS 


Flocculation of effluents from conven- 
tional paint booths and anaphoresis, is 
most frequently carried out by massive 
flocculation with aluminium sulphate and 
separation of the floc by dissolved air flo- 
tation (Flotazur). 

Paint by cataphoresis presents two spe- 
cific problems linked to the presence of 


Destruction by evaporation and/or 
incineration is the only viable treatment. 


lead and strong pollution surges when the 
ultrafiltration unit stops. This may 
require dilution of the effluent in which 
case a neutralising agent must be used. 

The DS content of flotation sludge 
varies from 6% to 12% depending on the 
type of paint. As sludge develops, its con- 
centration increases with polymerisation 
after extraction from the flotation unit. 
Floated water is very clear, but according 
to formulation may present COD residual 
of 20 el - 





Figure 1002. BMW AG in Munich, Germany. Treatment of paint booth effluents, Capacity: 10 m?.h, 


12. The fertiliser industry 


12. THE FERTILISER INDUSTRY 


bee. 


PRODUCTION OF 
PHOSPHORIC ACID 
AND SUPERPHOSPHATES 


The treatment aims to neutralise acid- 
ity and precipitate fluorides and phos- 
phates. 

Owing to the high acid content, treat- 
ment must be carried out in two neutral- 
isation and precipitation stages (figure 
1003): 

— the first stage at pH 4, by addition of 
lime, or, for certain conditions, CaCOs, 


for ensuring precipitation of CaF, and 
CaHPOs.. As the precipitate is crystalline, 
reaction, therefore, can be carried out in a 
Turbocirculator, or Densadeg RP-rtecy- 
cling clarifier, 

— the second stage at pH 8.5-9, by sim- 
ple addition of lime and with massive 
precipitation of hydrophilic aluminosil- 
icate and Ca3(PO«)2 sludge. Because of 
the volume of sludge for thickening, 
lagoon settling may be more appropriate 
than the clarifier-thickener process. The 
3Ca3(POx)2.CaF2 (fluoro-apatite) precip- 
itation yields a residual F content of less 
than 10 mg". 


Ist. stage 


Reactor 2 





Accelerated 
clarifier 


Figure 1003. Flow diagram showing treatment of effluents from phosphoric acid production. 
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Figure 1004. The Valefertil phosphoric acid and fertiliser production facility, Brazil. Treatment of effluents. 


Capacity: 300 m’.h". 


122: 
PRODUCTION OF 
NITROGEN FERTILISERS 


12.2.1. Ammonta 


The condensates, rich in (NH4)2CO3 
and NHsHCO3;, are degasified and 
treated on cation resins. They can be rein- 
tegrated into the production line of 
make-up demineralised water for boilers 
which accept the presence of methanol. 


Zea 


The condensates can undergo steam 
hydrolysis at a pressure of 20 bar (with 
NHs recycling) or evaporative washing. 
This results in considerable reduction in 
both urea (50 to 300 mgI') and NHg (3 


to 25 mgJ') content. Condensates can 


Manufacture of urea 


then be treated by the nitrification- 
denitrification method. 


12.2.3. Ammonium nitrate 


The treatment of condensates com- 
prises filtration or clarification (if floor 
wash water is included) and eee 
isation in fixed beds (UFD method), o 
by continuous ion exchange (CIE prose) 
for rates higher than 50 - 100 m’. 

Regeneration rates are about cor to 
250% respectively of the theory for cation 
Or anion resins. 

According to the possible concentration 
of regeneration nitric acid, the NH4NO; 
content of concentrated eluates varies 
from 15% to 20%. Additional evap- 
oration of concentrates that may contain 
organic compounds or heavy metals is to 


12. The fertiliser industry 


be avoided (risk of explosion, etc.). Meth- 
ods are illustrated in figures 1005 and 
1006. 


12.2.4. Associated production 


Some factories may manufacture com- 
plete NPK fertilisers or urea and ammo- 
nium nitrates simultaneously. If ion ex- 
change is used as the main method for 
recovering NH, and NOs, treatment 


Condensates 


Filtration 


Floor 
| washwater 


Eluates 


SCR (NH,’) 





using free NH, stripping can be per- 
formed if concentration is sufficiently 
high and steam recycling possible. For the 
polishing process, biological oxidation of 
ammonium and, if required, removal of 
nitrates (addition of organic nutrient nec- 
essary), should be used. 

The flow diagram in figure 1007 sug- 
gests a layout of preliminary and complete 
treatments. 


Bleached HNO, 


WBR (NO, ) 


-1 
NH,NO, 160g. 1 


¥ Recycling of 
Recovery after demineralised 
concentration water 
(if required) 


Discharge or 
reuse 


Figure 1005. Recovery of NH4NO3 on an SCR-WBR train. 
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service 
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Figure 1006. Flow diagram showing NH4NO3 recovery with CIE Degrémont demineralisation train. 
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Floor washing : 


weer - 


vapour 
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TURBACTOR 


TURBACTOR 


eee en ee ee 


Aerobic 
nitrification 


Rich 
rinsing eluates 
Anoxic liquor —— 
denitrification : NH 4OH 


DISCHARGE 





Figure 1007. Effluent treatment for a urea/nitrate complex. 





Figure 1008. Orkem in Nangis, Paris area, France. Recycling of ammonia condensates. Capacity: 
120 mh". 
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13. THE NUCLEAR INDUSTRY 





The choice of treatment is deter- 
mined by the initial level of radio- 
activity of effluents, the decontam- 
ination factor (DF) and the 
noxiousness of each radionuclide. The 
decontamination factor is at its great- 
est when evaporation is applied to 
low-rate, low-saline effluents. 

Physical-chemical treatment (figure 
1009), suitable for high rate, low active 
water, can remove SS and a significant 
fraction of soluble radioactive elements by 
combining iron hydroxide precipitation 








Carrier Ba2+ 


Precipitation 1 [Precipation 2 








MAZUR 





with that of other reagents. These are 
called carriers and can be: ferrocyanides of 
Cu or Ni, CaCOs, tannates, calcium 
phosphate, Ba’*. Decontamination factors 
are very variable and sometimes fairly 
low. 

Ion exchange can be implemented 
with non-regenerated resins. This proce- 
dure allows corrosion products and dis- 
solved radioactive elements to be retained 
at higher concentration levels. It also en- 
ables the decontamination factor to be 
greater than 100. 





Cartridge 
} Setting | filtration 


Figure 1009. Flow diagram showing physical-chemical treatment of polluted radioactive elements. 


1els 


PWR 
NUCLEAR POWER PLANTS 


13.1.1. Primary system water 


Treatment (chemical and volume con- 
trol system, RCV) comprises two non- 
regenerated resin processes (figure 1010): 


- lithium regulation (lithium-based 
resin), including a mixed bed with cation 
resin in Li form (1. regulation of pH 
level) and a strong acid cation exchanger 
in the H* form (2. retention of excess 
iOVE 


— regulation of boron comprising a strong 
base anion resin in the OH form (3. 
retention of excess boric acid). 
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13.1.2. Boron recycle system (TEP) 


Treatment comprises: 

— a decontamination system for corrosion 
particles or activation particles with SCR 
+ MB (non-regenerated resins), 

— an evaporator accommodating between 
300 and 1300 mg. of boron and con- 
centrating this quantity which is then 
recycled, if required. The condensate can 
be recycled as make-up to the primary 
system, if required 


13.1.3. Steam generator blowdown 
system (APG) 


Blowdown is sent to a train including 
filtration on cartridges and non-regener- 


ated SCR + SBR exchangers, before recy- 
cling or discharge. 


[ 
PRIMARY 
SYSTEM 


Reactor 


Deoxygenated 
make-up 


Evaporation 


Concentrate 








13.1.4. Reactor cavity 
(reactor cavity and spent fuel pit 
cooling and treatment system, PTR) 


Water with low SS load is recycled on a 
train comprising cartridge filtration and 
an MB. 


13.1.5. Liquid waste treatment 
system (TEU) 


Liquid waste is decontaminated 
according to its saline content: 
— up to a certain sodium level (from 20 
to 50 mg.l”), it can be demineralised on a 
non-regenerated ion exchanger train as 
illustrated in figure 1011, 
— waste with greater sodium content and 
low boron levels, can be treated in a gen- 
eral evaporator. 


SECONDARY 


Steam 
mm, 


generator 


Discharge 


1 -2- Lithium regulation 
3 - Boron regulation 


Figure 1010. Flow diagram showing treatment of primary and secondary systems in a PWR nuclear plant. 





15.2. 


RETREATMENT OF 
IRRADIATED 
COMBUSTIBLE MATERIALS 


The main treatments comprise: 
- evaporation of highly active effluents 
and vitrification of concentrates prior to 
containment, 
— decontamination of fuel storage cavities: 


Cartridge 


13. The nuclear industry 


by chemical precipitation (ferro- 
cyanides, iron and nickel hydrox- 
ides) and incorporation of dewa- 
tered sludge in concrete or 
bitumen, 


by chemical coprecipitation with 
powdered or granular exchanger res- 
ins, and coating in a polymer, 


by passing through non-regenerated, 
coated exchanger resins. 


R-ray control 


Recycling for treatment 





Figure 1011. Flow diagram showing demineralisation of radioactive effluents. 
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